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Foreword: Natural Science and Public Health

Healthproblems cased bynaturd occurrace of caisativeelementsenvionmeital conamination and
emergingnfectious diseases asegrowing concen warldwide. Ground-water ontamination, tracenetal
poisoning, waterborne microbial infections--- theseard other environmental threas o public heath
requre innovative, sciee-tasedsdutions.

Ove the past124 yeas, USGS sciencehasprovided vital informaion for undestanding and solving many
sciertific and ervironmental prodemsfacing ths cauntry. Our core cambilities inwater quality,
environmental geothemstry, wildlife diseag, ge@gpaial techrology and mary other fields enable USGS to
bea significantpartnerin the area of natural sciee and public health swe work togeher towrite a
"Prescription for a Better Environment.”

USGS nvolvementin human heath ocaurs through stong parnersipswith heath ard environmental
organizatons. Parheshipsbeween he USGS and theseorganizaionscanpinpoint ervironmental causes
lead to #ective soltions, ad save lives. USGS scienceesearches are working closey with the public
health ad biomedical reseah commurity to pursue figorous inquries into the canecions between
naural scenceard public hedth.

With geographic dstarce and istation nolonger meanngful bariers, the opportunities for once isolated
diseasesatspreadhavenever been greaer, as demonstated by the rapid soread of adeady pneumonia-like
illness that oginated insouhern China in Novembe. Our childen and granddldren will face many
public health clallenges, which will continue toemerg andewlve, posing new risks for the foreseeale
future.

Datafrom the Centers for Diseaggontrol and Prevation indicate thahearly a million cases of illess
eachyear ocar in theUnited States beasseof waterlornemicrobial infedions. Incidece of asthmarad
othe respirabry disease, atain cances, and emergg nev diseasesreincreasing. A wile varietyof
wildlife species lave beenidenrtified as hosts or mervors for emergingnfectious diseasdbat threaten
both humanard domestc animal heath. According to the NationalInstitute for Environment Heath
Science, more than 80 dhiemicals araisal in theUnited Sates and mestimated 2,008ew ones are
introduced annuallyThe impacts otheseonhealth @e not clear. USGS studies hae documentd
atmosphgec dust that carrietieay metls, pesicides,and pahogenssud assoil fungus from Africato the
United StatesTheharmful effects ofoxicants sich as kad, merairy, radionuclides,ard arsaic on humans
andanmals are wel known, but scientists do notyet fully understand their distribution and circulation in
the ervironment. Increasng wase efluent hasbeen related to outbre&ks of E. coli and tolera, while
Pfiesteria ard other harnful algal blooms can dfect pele, fish, and wildlife.

USGS ik focusing on newagplicaions d our core cgablities, building collabaative rebtionsipswith
parinersto address gjnificantheath issuesfacing the United States bday, bringing our expertise o bea on
resdving these poblems, and inreashg our krowledge © provide more effective tbols ard information.
We have the alility to bring together large, diversedatasets, coduct compex geospatial andstatistical
analyses, eate interactiveecision support models, and interpret da to produce uniqueandspecialized
derivative map poducts.



As noted by the National Research Council in their report Future Roles and Opportunities for the USGS,
“the intersection between natural sciences and the allied health sciences remains an under-explored field."
We see ourselves as explorers.

This conference is just the beginning. The researchhighlights preseted here areimportant not only
becaus@f their scientific ontributionsbut dsobecausehey showthe powerful possilities for the
integraion of naural scienceand heath science in solving theseamplex societal probias.

Charles G Groat
Director, U.S. Gealgical Survey
April 2003



Pliocene Coal, Water Quality, and the Etiology of Balkan Endemic
Nephropathy

William H. Orent, Calin A. Tatd, Nikola Pavlovié¢, Gerald L. Fedér

Robert B. Finkelmahand Harry E. Lerch
'U.S. Geological Survey, Reston, VA
*Department of Immunology, Clinical Laboratory #1, Timisoara, Romania
3 Hemodialysis Clinic, Nis, Serbia

Balkan endemic ngphropahy (BEN) is atubulointerstitial kidney diseaseestricted b individuak living in clusers
of rural villages in Bosnia, Bulgaria, Goatia, Ranaria, andY ugcslavia. The diseaséias a long incubetion period,
striking most individuals at50-70 years of ag, andrequring at least 2@earsresicencein a BENvillage. Many of
the chaacteristc featurs of BEN sugget apossible avironmental etiology1], but no definitive cause($ has been
proven A team of USGS geoscieniists ard medical researchers from BEN-affected countries are currertly
examining apossible avironmertal etidogy for BEN.

Work by the USGS in the early1990s [2] showved a clese ge@raphic carespadencebetween BEN Wlages and
coal deposits (Pliacere lignites). Other studies [34] showed thatwell water from BEN villages appearckto have
higher concentrationsof disolvedorganic substancescomparedto well water from control (i.e.non-BEN) villages.
This led to the developmert of a hypathesis, vhich postuates that the etidogy of BEN is linked to long-tem
consumption of welvatercontainingtoxic organic compounds leacddrom Pliocendignites by groundwater
(Pliocere lignite hypathesis).Villages affecedby BEN us shallow wells as aprimary water source. Recestudes
by our interdisciplinary teamaimed atvalidating this hypothess [5,6,7,8] haveshown that (a) Plocenelignites
from BEN areas realily leachmany types opotantially toxic organic compounds inb aqueous saltion, (b)well
water samfesfrom BEN villages cortain agreater abudance of patertially toxic organic canpaunds as comared
to controls, and (c) euidemiological studiesshow that BEN villagesthat have switched fromwell wate to treated
water have experiencel adramatic drop in the incidenceof BEN. Theseresults sipport our working hypothesis on
the ervironmental etiology of BEN. Ongoing studies ae amed affurther geothhemcal validaion and on
toxicological experiments.



USGS Studies Related to M etal-rich Coal in Southwestern
Guizhou Province, China

Harvey E. Belkin, Robert B. Finkelmanand Baoshan Zhehg
'U.S. Geological Sumy, Reston, VA
’Stae Key Laboratory of Enviranentd Geochenistry, Institute of Geochemistry,
Chinese Acaday of SciencesGuiyang,China

We are egaged in a cdlaborative progamwith Chinese ad UnitedStates earth-sciea@nd melical researchs ©
address thecaurrenceof conditions such asarseic poisoning and dentl andskeletal fluorosis, related to domestc
combustion omineralized coal in solvesern Guizhou Province, Giina. Thelink betveen thee diseases and
domestc combusion of coal hasbeen estblishedby environmentl and epidemiological reseach. Arsenic ard
fluorine arethe principal caises of tk health proltlems attrbutedto damnegic coal combustionalthough there may
be someevidence of merairy and thallim pasoning. The use of locally mined, high-arseric (>100 ppm)caalshas
cawsedarsenmc poisoring in severa villages. The primary pathway appears tobe through irgestion of foods,
esecially chili peppers, dried oer open coal stoes. Air pollution-type fluorosis apgarsunrelatedto fluorosisdue
to consumption of fluorine+ich groundwater. Theair pollution-type of fluorosis afects millions nore peqle than
arsenc paisorning. The pimary path of humanintroduction of fluorine is alsorelated todrying food, especially
corn, over unvered coal sbves. In this case, pliminary studies indcate that cornpreferertially adsabs fuorine
from fluorine+ich coalsnoke

Chinese Publitealth officialshave recogrizedthe etidogy of thesediseases anchave established prognas to
restict the useof metl- and fluorine+ich caal for domestc conbusion. Thegeologic and geochemicd chalenge
will be theidentification of acceptable locahlternaive sourcegor coals ow in arsenic and fluorine.



Effects of Enhanced Zincin Drinking Water on Brain and Memory

B.F. Jone$ K.M. Conkad
'U.S. Geological Survey, RestoviA
J.M. Flinrf, D.H. Linkous,
’Department of Psychology, Ggje Mason Unversity, Fairfax, VA
A. Lanzirott?,
*CARS, University of Chicago, Gicago,IL; NSLS, Brookhavemational Lab, NY
C.J. Fredericksdn
*Neurobiotex, Inc.; University of Texas Medical Branch GalvestX
P.M. Bertst’,
*Savannah Rier Ecology Laboratory, Unersity of Georgia, Aiken, SC
A. Friedlich, A.l. BusH

*Laboratory of Oxidative Biolgy, Massachuset General Hospital
Charlestown, MA.

Zinc is one of the mast sduble of the transitim metals imatural waters: Tle aderse effets d zinc deficiency have
been studiedx@ensiely, butthe probém ofabnormallyhigh levels of zindas receive less attention Because
zinc nustbe rangorted through the blood-brain barrier, it hasbee thought unlikely that envronmental factors
could change lrain levels. In contast we hae shown that long-term exposureto zinc in drinking water can darge
both gpatial memory ard brain levels of zinc in rats, but that this dgpendson the anion with which the zinc is

initially asseiated

We haveexamined whether drinking water with 10 ppm zinc ascatonat, ZnCO,, or sulfate, ASO,, (the most
comnmon anion assoctions h naural waters) would affectboth brain levels of zinc and gatial memay in Sprague-
Dawley rats. Synchrotron X-ray fluorescece (SXRF) wasused to measire me#l distributions in 20-micron slces.
This techmque allows tisste aralyses tobe done with no chemical pretreament,with low detecion limits (about 1
ppm), and providesnon-destuctive measrement at spatial resoltions of 10um or less. Zinc omncetrations n rat
hippocampts ard cottex increasedollowing long-tem ingestio of the ZnCO,-enhanced drinking waier assciated
with deficits in spatial memaoy (investigated @ing the Morris Water Maze).No increase was seen follong
ingesion of ZnSO,-enfarcedwater, which did nat leadto impairment in spatial memaoy. Copper oncentrations
werecompaatively lowe in rats exposgto ZnCQ, thanin controls.

Preliminary resuts showthat, comparedto surraindng tisste, elevated levels of K,riZ Cu, ad Fearefound in
amyloid plaquesssociated with Alzhaeier’s disease The concemtions vay across th@laques ad aredifferent
in diffuseplaques,which predominate ealy in the diseaseanddensecore plaques which predominate in later
stages.



Working toward a Better Under standing of Health Hazar ds Caused
by Volcanic Air Pollution on the Island of Hawai’|

A J Suttonand T Elia§ EK Tanf, J Kunimotd, EL Avol‘, DW Dockery, JD Ray

'USGS, Hawaiian Volcano Observatory; 2JA Burns School of Medicine, University of Hawaii; SHawaii State Department of
Health; 4University of Southern California; *Harvard School of Public Health; *National Park Service

Beginning inmid-1986, wha thecurent eruption becameontinuousair pollution from Kilauea volcano,
known locallyas vogbecameanunfortunatepat of everyday lifefor Hawai'‘i residents and visitors. Sice
then, the volcaro has released alub 1,600 tormes of irritating sufur dioxide (SO,) per day, roughly 6,000 times
the emissions that tHePA defines & amajor industrial sourceTheemissions areanverted byoxygen,
moisture and sunlight to agasard aeosol mixture rich in sub-micron acidic paticles cable of being drawn
ard retaireddeepin the lung.

The acilic natire of vog causes inquantified regiratory effecss, raidly carodes metl objects,damayes crops,
degadesdomestic water quaity ard hasbeen linkedto locally deceasedainfall. Depending upon wind
direction same pation of the islard of Hawai‘i andits 150,00 residents is chonically affected.During trade
wind disuptions, all eightprincipal islands, stretching 350 km to the northwest can be mpacedaswell.

When tradewinds aredisrupted, vog buildup in eastHawad'i degrades ai quality for resdens and some of
Hawai'i Volcaroes National ParKs 2.3 million anrual visitors. The emissios have taken at leasbne life
directy, ard from 1986 to 1993, during a period of continuous eruption, asthmadeahsidand-wide
exceedd thoseexpectedby 300percent.

USGS scieriists, realthcareprofessionals, univesity researchers,dricabrs,and the community are
working togetherto understandvog’s healtheffects brough aninitiative funded by the National Institute of
Environmertal HealthScierces (NEHS). The 5-year studywill examire vay expsure, symptoms, and
lung devebpmentin school tildren on thelsland ofHawaii. While this work poceeds, th&JSGS, in
collaboration with the Naional Pak Sewice, ha devebpeal areattime s/stem b inform ard advisepark
visitors ard employeeswhenvog levels, asgpproximaied by armbientSQO, concertration, exceegrescibed
amaints.



Rift Valley Fever: ThelInterplay of Climate,
L andscape Ecology and Epidemiology

Eric C. Wood, PhD SAIC/EROS Déa Center
Michael BuddesAIC/EROS D& Center
David M. Hartley, PhD pynamics Techology, Inc.
Robert Swanepoel, DVM, PhBout Africa Nationa Institute for Virology

Rift Valley fever (R/F) is animportart emergng egdemicdiseasef humars anddomestic aimmals in
sub-Saaran Africa. Massivepizootic are ypically observedin damestic livestak during timesof
sushined high rainfall. Humansand otherspeciesarealso infected in inter-epdenic perods. At preset,
however, there is navay to predct RVF epdemic/epzodic activity in specificlocales.

RVF virus (RVFV) is trarsovarially trarsmittedwithin infectedAedes mosquitoesbrealing in seasonally
flooded depresionscaled dambos. Infected eggsmay pasist in dry sites for severalyeas. Epidemics an
arise when velty high rains resit in water acaumulation in dambo oviposition sites. Though explosive
outbre&ks are associated with heavy irss, there ar@o ontrolled obsevatons pulishedthatallow one to
userainfall to anicipat virus circulation. Moreover, relying on rainfall monitoring to predict RVF
epdemics igrores mitiple climate andecdogical facbrs. With the hypothesis thatwe canpredct sub-
regonal-scaleRVFV activity prospectively using a cominationof ecobgical, climate, and neote sasing
variables, the primary scientific goal of the proposel projectis to devebp and validate predictive
algorithms and mods for RVFV activity and epdemicsbasecdn these variales.

The sudy will fo cus on the High Plateawecdogical zane in Zimbabwe, where adatabaseof RVF activity
exists,with gaps, from the mid-1950s o the early 1990s. Remate sesing (RS) citawill be utilized to
characterizehe climate, ecalgy and topography of studysites. A30-year site ecordof RVFV isdatiors
will be comparedwith archved RS dita. Data will be aralyzedfor correlations using various statistical
approaches iorder toquartify the variables trat mest dfect RVFV transmission.



Spatial Forecasting of Disease Risk and Uncertainty

Lee De Cola
'U.S. Geological Survey, RestoviA

Because maps usually represent the vafigesingle variable ové&t-dimensional space, they must
simpify such problems as mitiscale canplexity, tempaal dynamics, and uderlying uncertaity. A
chaopleth disease rsk mg basedon data for polygonal regionsmight defict incidence(cases pel00,000
people) within eachregion for a yeabut ignoretheuncertanty thatresults from fier-sale variation,
genealizaion, misrgoorting, smal numbers future unknowns, etc. The problem of Lyme disease
forecastingor each ofthe UnitedStatess used to illustratan gproachto bivariate mapping of data
“quantity” and data “quality.” Histarical state dta 1990-2000 areused inanautoregressive maa to
forecast bdt 2001-201@iseae incidence as well as probability inde of uncertaing, eah of which is
thenkriged to provide wo spatial grids. A bivariate ma is producel from the cmbination of incidence
(mapped on abluered huespectrum), and probability (used to control the satiration of the fue atead grid
cell). The resltart maps are easilpterpretalle, arl the appoach maybe applied tosuch pioblems as
detecing unusual diseasecairrences, animating pastand future incidence ard assenbling a mnsistent
regionaldisease atlas shomg patterns oforecastedisks n light of uncertainty.
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Community Level Analysisof Vector Borne Disease

Jennife Orme Zaval&' and Phillipe A. Rossignol
'U.S. Environmental Protecin Agency Corvalis, OR
Deparment of Fisheries and Wiiife, Oregon State University, Corvallis, OR

Ecological conmunity structurein communicabk disease&anbe akey factor in undeistanding the risk to public
heath of dise@e emegence,the nodeof transmisson, and the wntrol options(Forgetand Lebel, 2001). This
consicerationwould seem grticularly importart in vecbr-borne ponotic diseasewith complex life cycles.
Paopulation models, such asthe RossMacdnald model (Bailey, 1982), have beenimportant in developing and
characgrizing ou current understnding of humanvecbr-borne dsease. Hwever, these modelks often by-pass or
minimize community-leel interactions. lmliseasesestrictedto humanhosts, his focus may ke of benefit in
understanding transmssbn, but in zoonotic diseasesni paricular, important community-level considerationsmay be
lost (LoGuidice etal., 2003). Another limitation is that the level of quanificaion passble in population models may
notbe ahievable in community madels.

Qualitative communitynodd analysis(Puccia andLevins,1991) may provide ameaningful aternative to modeling
vector-borne disease. We lmidnrecent mahemdical developments in qualitative canmurity modeling
(Dambader etal., 2002) coupled with convenional biomathemaical models of vecbr-borne dseasdransnissin,
to provide new proceduresto analyzerisk Our procedure predicts the changein risk of vecior-bome disease fom
pres perurbaions such as ontrol measues, anthropogenic habtat alteration or globalwaming. We denonstrate
the apptication of this procedue toanoak forestcommurity to predct therisk of Lymedisease.
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Discovery and I nteractive Development of Community Level M odels
of Disease Transmission: West Nile Virusin Maryland

Jennife Orme Zavalt,' Jane JorgensérBruce D’Ambrosid, Hans K. Lul, Fredrick W.
Kutz," and Philippe A. Bssignol

' US Environmental Protection Agency, Corvallis, OR
? CleverSet Ing.Corvallis,OR
*Deparment of Entomology, OregdBtate University, Corvallis, OR
‘4967 Moonfall Way, ColumbiayiD
° Departnent of Fisheries and Wilife, Oregon State University, Corvallis, OR

Understanding interacionsanong pathogers, hosts, and the environment is important in developing rapid
responsestdisease outbréa. Traditionally, epdemidogistsemgoy highly structuredard
comprehensive methdls to gather quartitative informaion to estalish cause-ad-effect relatioships
between environmental stres®r(s) ard diseae. This agoroach is time consuming and resource-intensive,
paricularly during adiseaseutore&. To complementthis agproad, we denonstate the useof Relational
Bayesan Models (RBMs), modek dismvered in relational dat using machine learning techrology, to
rapidly constuct quantitative andbiologically-consistentmodek of WestNile virus (WNV) spreadusing
existing, doservational data.

Discoweredmockls integrate suvey data concermig WNYV cases iimosauitoes,horses humans, ard birds
in Maryland collectedduring 2001, along with informationabout tire clea-up sites ad collection
facilities. The RBMs producedin the aralysis are conpleterepresetations of the jaint probability
distribution over the enire setof variables included in the model ard may beused as atool to frame
multiple, simutaneousypotheses cocening these variables. We onstucted a @mmon frame of
refererte totempaally andspatially relatedata cdlectedin independert survey efforts that resile in
indgperdent daa tables.Using this frameof reference CleverSetModeler, the ool usal, heuristically
examied all possble models that could bederived udng the aailable vaiables to disever those mode
that parsimoniously descibethe pobabilistic relationships amang the variables in the model. These
relationghips form the bass for hypothesesabaut the key faciors involved in transmissin of the diseae
ard the manrer in whch the disease sprela. Our reults indicate atrongassociation beteen tire license
sites and bidsinfected withWWNV, ard that positive birds serveasgood indicatorsfor infectedmosquitoes
and humars.

RBMs slow promise asa ol to explore complex community interacions relevant to diseaseransmission.
RBMs canbe usedto idertify probahilistically, those variabes trat maybe importart during an oubreak
even from sparse surveytddahatprecludegshe use ofbther madeling goproacha. The information derived
from the RBM maybeusel to assstin formulation d rapid respnse,to guide nonitoring ard control
strateges anl to assess stial andtemporal links in the goidemiological evaluatin of diseaséransmissin
during the eary stagesof anoutbre& or during an ongoing outorek of arelatively raredisease.
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Vaccination as a Potential Meansfor Controlling Sylvatic
Plague

Tonie E. Rockeand Jodn Menchet
U.S. Geological Survey, MadispWI

Sylvaticplague, caused bhea bactemim, Yersinia pestis, is primarily adisease ofvild rodents hat afflicts
humars aswell as oher aimals. Unfortunately, curent methods o control thedisease i unsatisfaairy
andnafve rodents, sich asprairie dogsard ground squirrels, havebemme an important resenoir of the
diseasdor humansin North America. Expeaimens ae being conducted to evaluae vaaination & ameans
for controlling plague in wildanimak using aemmbinant vaccine.Thisvaccineutilizes raccoon powirus
(RCN) as avedor for the cgpsaular antigen of V. pestis (F1). A major advantage ofusing aa RCN-vectord
vaccine ovea traditional pratinvaccine such as th&1 proten, is that ittanbeddivered orally, a citical
requremert for immurization of free-raging wildlife. Black-tailed praiie dogs,Cynomys ludovicianus,
wereoffered sweetpotato/gelatin bais that contained the vaccine (RCN-F1) for voluntary cornsumption.
Threeweeks after the initial immunizaion, the animals were boosted similarly by voluntary consumption
of additionalvaccine-lade baits. Controlseceival sham baitswith no vaccineBlood was dravn fromall
animalsprior to immurization ard at geriodic intervals thereafter; ati-Flartibody titerswere measted
using anerzyme-linked immunosarbert assay (ELISA). Three weeks after the secondimmunization, all
animals werechallenged with virulent Y. pestis ata dse hat mightbe encountered in naure. Anti-F1
antibody titersveresignificantly elevatednimmunized aimals canpaedto prevacchnation valuesand
controls. Also, surwal to challenge was sgnifi cantly enhaced in immurged animals amparel to
contols. Theseresllts demonstrate that prairie dagys canbeimmunized gainstplagueby ingestion of
vaccineladen baits. Furthe work is in progressaimprove thevaccne and todevise effectivebait
formulationsthat arepalatable © wild rodents ard eay to distribute.
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Environmental Predictors for Tick-borne Disease Risk in the
Middle Atlantic Region, USA

Joseph E. BunnélISusan D. Priéeand Gregory J. McCabe
'USGS -Geologic Disciplie, Reston, VA
2USGS -Geographic Dicipline, RestonVA
*USGS - Water Resources DisciplinBgnver,CO

Lyme diseasés themost @mmonvectorbornediseasen the USA. The Middle Atlantic regonis amaja focus of
this diseaseand of human granulocytic ehrlichiosis -- anemerging and deady diseaserainsnitted by the sane icks
that spread ¥me diseaseBasedon extensie field samging in 1997 and 198, a sptial statistical mdel was used
to swecessfily predct siteswith environmental &cta's condicive to sypparting tick popuations -- the primary risk
factor for human Lymedise@e. This model, incorporaing spatal aubcorrelation and adjusting for overdispersel
distributions revealedtiat distance talecduous forests anglaterbodies, asvell as elevation, lad cover ad soil
type, were spnificantly correlated with Lyme diseasésk.

Because thénk betwea soiland riskfound inthis previouswork was reétively nonintitive and dificult to
interpret,we examinedthis further. Whena more informativeand finer resaltion sal databasdecane available
for a sibset ofour field sites, we eanayzedthat subsetra confirmed thasignificant associatnsbetveen sil
feaures (such as exture and water-holding capacity) anditk abundaceremain rdoust. The combnation of
analyses geerated thehypothesis thatlimatlogical and physical factors interact to affect tickabitat sitahility ,
and hace ae strong determinants fauman Lymealiseaseisk. Forthe peset study, climate data anduman case
data were obtained fa the years carespndng toour field-cdlectedtick data, andnitial resuts sugyestthat
precpitation, but not temperatire, is correlated to hunmalLymedisease cgereports. Current hvestigatbns are
guantifying the extent to which climate ard soil factorsinteract to affect the drelopment and successf tick
populations and thus human tick-borne diseae risk. Better understanding of the environmentl facorsthat promote
tick andpathogen suvival andtrarsmisson canhelp target more effectie intervertions ard redice the pwlic health
burden of tick-bornéliseases.
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Transmission Dynamics of Vector-borne Zoonoses: | mplications for
Disease M anagement and Natural Resour ce Conservation

Howard S. GinsbetgP.A. Buckley, H. Brian Underwood Elyes Zhioud Shaibal Mitr3,

Maxon Balmfortfi, James Fisché&rand Francine G. Buckléy
'U.S. Geological Surveyingston, RI
U.S. Geological, Syracus&lY
*University of Rhode Island, Kigston, RI
*SUNY-CESF, SyracuseNY

Zoonosescanaffectnatral resaurcesboth by caising diseasen wild animal populations and by provoking
ervironmentally-damagng maregemert respnses. Prokahlistic models of pathogen spread trough natual
popuations predct that fluctuations in vecor numbershave amoreor less linear éécton vatebrate disease
incidencewhen pahogen prevalence n vecorsis low (e g., for most mosquito-borne atbovirusessud asWestNile
Virus) but not when pathogen prevalenceand vector numberare high(e.g., for Lymedisease@rochegs in
endenic natral areas). Terefore,human interventions thatlower vector numberandincidence & human disease
might or might nat similafly affect inrcidence innatural popuations, depending on local trarsmisson dynamics. In
addition to vector population densities, tke stucture of the trarsmissioncycle (number of competen vecta and
reservar species) influencesgrowth andstablity of local pathogen prewalerce.

Studiesof Lyme girochet transnisson atFire Island National Seahorg NY, indicate lhat tick densities areocally
sohigh that virtually all grounddwelling mammals ad most gound-foraging birds ae exposedto sgrochetal
infection. Abundant bird and mammalspecies atthis site vary sibstntially in degreeof resenoir compeence,
infection prevalencein nymphalticks (the sage respnsible for most human Lymediseae) depads an the
distribution of larval ticks anong vertebrae host speces Therdore,targeting interventions athighly-compeent
reservar species can ptertially interrug the lacal trarsmission cycle. Hicient managementcan maimize he
numbe of human caespreventd, while minimizing the <ale of intervention, thus minimizing negaive dfectson
natral reources. However, movemant of ticks nto the are on highly mobile vertebrags, including migrating birds
(which areseasoally alundart at ths ccastl site), carpotentially conpromise sich targeted mana@yementefforts,
ard sibstartially influence local tansmissin dynamics
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Out of Africa: Characterization of Microbial Communities
Associated with Desert Dust and their Implications for Human and
Ecosystem Health

Christina A. Kellogg', Dale W. Griffin', and Eugene A. Shinn'
'U. S. Geological Survey, St. Petersburg, FL

Each year, millions of tons of desert soil dust blow off the western African coast and ride the trade winds across the
Atlantic Ocean to the Caribbean and southeastern United States. The country of Mali has been established in several
studies as one of the major sources of this Saharan/Sahelian dust.

Whether microbes such as bacteria and fungi can survive the solar ultraviolet radiation received during the
intercontinental trip has been questioned, however, two research groups have shown that living microbes are
culturable from African dust air samples from the Caribbean. It is reasonable to assume that some of the microbial
population is lost due to a variety of reasons (e.g. death, gravity) during the 5 to 7 day trip across the Atlantic. To
understand the full range of microbes that may be present in the desert dust, we used microbiological and molecular
techniques to identify nearly 100 bacterial and 20 fungal isolates from a series of dust storms sampled in Bamako,
Mali. This ‘source’ population contains plant, animal, and opportunistic human pathogens from 20 different
bacterial genera. The fungi are mainly Cladosporium sp. and Aspergillus sp., which contain both pathogenic and
non-pathogenic members.

The transcontinental movement of microbes in African dust (as part of the global system of dust transport) has

implications for ecosystem health (coral reefs), agriculture and livestock (safety of the food supply), and human
health.

16



Use of Fish Health asan Indicator of Exposureto Contaminantsin
the Aquatic Environment

Stephen B. SmithPaul C. BaumarinDora R. Passino-Readgvicki S. Blazef, Steven L.
Goodbred Timothy S. GroSsand Beverly S. Arnofd

'U.S. Geological Survey, RestoviA; “U.S. Geobgical Survey, Columbus, OFlJ.S. Geological Survey, AnArbor, MI; ‘U.S.
Geological Survey, Leetown, WWJ.S. Geological Srvey, SacramentoCA,;
°U.S. Geological SurveyGainesville FL

Investigatiors in streams andvers of the UnitedStatesand in the GreatLakes hae usedvariousbiomakersto
assess ipactsof contaminat exposure to aquatic resees Seseralusdul fishbiomarkers includeexternal
aromalies, itremal ananalies, eproductive (erdocrine) recepgors ard popuation/ conmunity alterations. National
investgationsof erdocrine biomakers have desctiedfish respnse of17b estadiol, 11-ketotestosErone,
vitellogenn, and stageof gonadal developmentas®ciatedwith land and water useover broad gegyraphic areas
Additionalinvestigationshave useal indicabor species b desribe he rehtion of contaminated selimens ard the
prevalenceof external andriternal aomalies. Chages n dominant species and geciesdiversty have aso siown
alterations in fishcommurities relatedo contamirart exposue.
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Pathogenic Bacteria in Surface Waters. Occurrence and Association
with Environmental Factors

Sheridan K. HaackJoseph W. DurisDana W. Kolpihand Michael J. écazid
'U.S. Geological Survey, Lansinill; *U.S. Geological Survey, lowacCity, IA; °U.S. Geological Survey, Reston, VA

Surfacewaters are@mmonly monitored fothe presece of fecal indicator bacté, but little is knowrregarding he
co-ocarrenceof commondisease-causing (paifpnic) bacteria. Recenyl the USGS Toxic Substaces Hydrology
Programhasexaminad suface watersfor avariety of conventionaland eamerging chemical contamiants including
pestcides, pesonalcare pioducts, and hunan and/or veterinaly pharmaceaticals. As pat of this program, weare
analyzing samplesom 20statesfor the presence ofpathogenicEscherichia coli bactria ard evaluaing relations
betwea ther occurraence ad measures of taluse ad water quality. Fecal ctiform andE. coli bactera
concertrations were determinedusing stardard method. Energoathogenic E. coli (EPEC, darrhea in yaing
children) ard enterohemorrhagic E. coli (EHEC, exemdified by E. coli O157:H7, severeto deady diseag) were
detecedusing a DNA-basednethod that differentiates tree virulencegenes: eaeA (adhesion protein, EPEC) and
stx1 ard stx2 (Shiga Toxins 1 and2, EHEC). Pasitive samples are further amalyzed using cuture-based methds.

In preliminaryanalyses, PEC weredeectd at most sites having concentrationsof E. coli bacteria gret@r than 100
calony-forming units per 100mL. EHEC were detectedt siteswhere agricultural landuse comprisedtdeast 40%
of thewatershed. This finding is corsistert with the daumened animakourceof these pathogens.

Relations arebeing examinedbetween these pathogen deections aad chemical water-qualty profiles br the same
sampeés (e g., caffeing, triclosan,antbiotics, industrial chemicals, uban- vs aricultural pesicides,nitrogen and
phosphorous, cHoride, etc.) Wewill also analyze he sane water samples for gaigenic Salmonella, Enterococcus
andAeromonas bacteria. Tlese d@tawill be useful for interpreting the sigrificance ofhigh corcertrations of
indicabr baceriain various environmantal settings. In addition, thesedaa maybe usédul for seting Total
Maximum Daily Loads (TMDLSs), ard for evaluaing te dfect of vaious sourcesf bacterial contaminatn on
surfacewaters.
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Monitoring Contaminant Effectsin Biota through a
Nationwide Program

Bartish, TM.", Schmitt, C.J, Blazer, V.S, Tillitt?>, D.E., Whyte, J.3.Gross, T.S,
Denslow, N.D?, Rattner, B.A%, Henny, C.J, Hinck, J.E., Coyle, J.Jand Anderson,
P.J!

'U.S. Geological Swey, Reston, VA, USGS, ColumbiaMO, *USGS, Leetown WV, ‘USGS, Ginesville, FL,
*University of FloridaGainesvile, FL, “USGS, Laurd, MD, 'USGS, CorvallisOR.

Biological organismsregond to the aimulative impactof chemicalsi the eavironment and integrat@xposureo
thosechamicals over time.The Biomoritoring of Environmental Statusand Trends Program (BEST) uses auite of
organismalard suwb-organismd respnses ¢ monitor ard asessltie effects d environmental conaminants on biota.
Thesemethods wee selectedo respod to a broal rangeof chemical ontaminants andgrovidea seeening-level
assessmérof impacts, andcanhelp to interpret tle spnificanceof chamical exposurelat. Using fishand fish-
eatng birds, BEST has @plied these biological respnsemeasurs in riverine aml estuarine environments to
characterizeanddescribe habitat quality and arganism tealthas affectedby contaminarts. Sane of he mettods
usel includeindicabrsof the status aml fundion of the immune, reproductive, aml endocrine s/stems biochemtcal
responses, geral measuresf organism halth, reproductve succesgorewaterdxicity, and oncentations of
organodhlorine pesticides, PBs, andmetd, metalloids, ad trace elemnts in tissue Methods for fishhealth hae
beenapplied atover 80 sites in four magr river basns (Missssppi, Columbia, Rio Grandg and Yukon). Paewagr
toxicity of sedmens and TCDD-equivalents (asmeasired by the H4I1E cell bioassg) in fishtissuewere measired
at more tlan 200 sites inestuaries othe Paific andGulf coasts.Osprey Pandion haliaetus) reproductivesuccess,
contaminantconcentationsin eggs, ard other biomakers have beenmeasired in the Columbia River system
(including the Willamette Riwer) andin the Delaware River ard Bay. Resits of this moritoring have idertified
effects atlie organismal levelat seveal locaions, suggeamg that ontaminants i@ having adverse dfects m biota
in those eeas.
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Bioaccumulation and Mobility of Cadmium in Willow and Sails,
Alaska—Implicationsfor the Health of Browsing Animals

Larry P. Gough Richard F. SanzolofiePaul J. LamotleCathy M. Ager,

Andrea L. Fostérand James G. Crotk

'U.S. GeologicalSurvey, Anchorage AK
’U.S. Geological Surveypenver, CO
*U.S. Geological Suey, Menlo ParkCA

As part of a larger prgect examining the mollity , uptake, and sgeciatian of Cdin sularctic eceystems, ve
comparetherelative bioacamulation of Cd by willow (Salix sp) with other conmonshrub andtree
genga. Thepurposeof this study isd undestand themedanismsby which willow bioaccumulates Cd
ard utimately to evaluate theimportarnce of his phenomeron to the healthof browsing animals. In
addition, we are curretly investigating the biochemistry (chemical sgeciatian) of Cd in willow (ard
supporting sois) using x-ray abrption fine structure (XFAS) spectoscqy.

We ollectedalix glauca (grayleafwillow) from a number of area in southcertral Alaska growing over
lithologic units that varied intotal- ard exractide-sal Cd. Theelevated (miaralized) lithobgies included
basemetal slarrs, low-sufide gdd quartzveins, as well as carb@teus marineshales; non-elevated
lithologiesincluded metasedimentry and metavolcanic schists andgneisses. Total Cd concentations
(expressed om dry weight basis) in villow leaf tissie from mineralizedareasvere ~17 ppn andfor twig
tisste ~10 ppm. Plartation-grown willow individuals dsedwith 0.18 mM (20 ppm Cd) sdutions of Cd-
nitrate (with andwithout the ctelates citrate ahsalig/late)showel similar trerls. Thesevalues aré-8
times tte Cd cacertrations in willow found tobe toxic to ptammigan (grouse, genus Lagopus) in Colorado
(Larison ard others 2000). The potential for Cd toxicity to grouse,moose ard other browsing animals
apparertly existsin Alaskain areas aturally highin Cd. Willow from non-mineralized areas irour study
hadleaf and twig concentrations (n=32) of ~1.0 ppm and 0.78 ppm, respetively. Other shrub ecies
collected at thesame sitesanmonly hal <0.04 ppmCd in ther tissuesin both minealized andnon-
mineralzedareas, @ concentratons h soils degeasedvith depth (the organic-rich A1 horizon having
nearly four-times tte otal Cdas tke Chorizon).
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Role of Water-Quality Monitoring for Exposure Assessment in
Studies of Breast-Cancer Incidencein Suffolk County New Y ork

Jo Leslie Emers, Jen Wolf, David A.V. Eckhardt and Stephen Terraccidno

'U.S. Geological Survey, CorarhlY
’Centers for Disase Control and Prevention, Atlanta, GA
°U.S. GeologicalSurvey, IthacaNY

Sewerd areas ofSufolk County, easterronglsland New York, have reported clustes of elevatel breast-
cancer incidace. Onepostilated causes exposure topesticides indrinking water. Ground water, the sde
source of drinking waten theseareasjs pumpel from aquifers hat aresusceptike to cotaminationfrom
humansources The Gounty has ahistory of agiculture and associategesticide use, and us# pesticides
by homeowners hes increased dring progressiwe suburbanization. Since 1997, graund-watersamping by
the USGS and Sufolk County Depatment of Heath Sewices h acooperative program with New York
State Depatment of Environmentl Conseavation has revealed he preserce d many pedicides n ground
water, same of which exceal maximum contaminantlevels for drinking water under federal guidelines

Epidemidogical investigation of eleatedincidence of breast cancer in serd areasn Sufolk County
requires a mdtod of assessingxposure to contaminateddrinking water ard (or) a pospectie cofort
study. The latter is cetly and time cosuming. Water-distibution systems in theseeas can banodded
upon an approach usd by the Ageng for Toxic Stbdances andDiseaseRegistry to aidy exposurea
contamnateddrinking water & a childhooddukemia cluster in Dover Township, New Jersey.The Agency
usal the model EPANET 2.0 to simulate anhistorical water-supply system. In conjunction with water-
guaity data from sourcewaters, this modelwas usel to asses enironmental exposure to conaminants in
drinking water.

This sane nodel could be useal to assesthe historical exposureto pestcides n drinkingwater in
conjuncion with a pesittide catabase beig compiled bythe National Institutes of Heah for usein studies
of breastearcer incidence through-out Long Island Assessig expaure to contaminated dinking water on
easern Long Island would integrate te effects of curent ground-water quality, historical levels of ground-
water ontamination, sourcevatertreatmet, pesticidelegradates, ahthe toxicological relevanceof
analytical-detetion limits.
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Ground-Water Quality and Childhood-L eukemia Cluster Near
Fallon, Nevada

Ralph Seile
'U.S. Geological Survey, Cars@ity, NV

Since 1997, 18ases ofcutelymphocytic leukemia ard 1 case d aate nmyelocytic leukemia have beendiagnosed
in children and teenagera/ho live a have livedin an areacenered on the town of Falon, Nevada. In cooperation
with the Nevada Division of Heath, Centers for DiseaseControl and Prevenion, ard Ageng for Toxic Stbstnces
andDiseasdregistry, the U.S. Geobgical Survey sanpled 100 wells in the Falon areain 2001. Twenty-nine of
thesewells were samfed prevously in 1989. Comparisonof results for measuredondituerts for the 29 wells
indicae watr qualty did not substntially charge betveen 1989 and 2001, however, short term transient changes
may hae occurred that were missed. Statistical compaisons show castamilies appeently are exposel to thesame
concetratonsof arseic, uranium, and radon asthe restof the canmunity. Volatile organic canpounds were raely
detcked n ground-water sanples and regulated canpounds were ansitently at concantrationsless tan drinking
water stadads.

Drinking water stardads for arsent saneimes wee greaty exce@ed;total-arsanic cancentrations in 10 percent of
the wells ecealed 500 g/L. In settings whie @mntamirantconcentations greatlyexceed standards, homeowsie
camot auomaically assme homereverse-smosis systemswill lower concentratins to safe leels.

Importantradioactve isotopes ingesedby Fallon aea reidents are”Rn ard ****U, ard probably *’Po andhe
immedate deay producs of “Rn (**Po,**Ph, 2‘Bi, and*Po). Isotopic measurenmés indicatethe uraniumnis
natral ard not the resut of a1963 underground nuclearbomb testnearFdlon. More than 90 percent of the
sampes exeead the propssedMCL for *Rn. Depending on the radon acivity, watkr that hasbeen siored in a
pressure tankvernight mg be apprecibly moreradioactive because ofigrowth than water freshlydrawn fromthe
aqufer.
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Naturally Occurring Arsenic in Ground Water in Southeastern
Michigan: Practical Information from USGS Studies

Stephen S. Aichel@ndSheridan KHaack
'U.S. Geological Survey, Lansinigll

In southedaern Michigan, naturally ocaurring concentrationsof arseic in well-water mg exceed 150nicrograns
per liter. In cogerationwith nine county health departments andhe MichiganDepartmert of Environmertal
Quality, USGS antlniversity of Michigan researhers 1)conducted fieldnvestigatons, 2) evaluatd arsent
concertratiors with respectto water-quality parameters, @logic formationsandaquifer mineralogy, and3)
prepared geographic dateses andmagpsdepicting asent distribution in the stidy area. Thesedat identified
plausble environmentgbrocesses leddg to elevatd well-water arseic concentratons,ard excludedother
processes.The stug has praduced quartitative data toaddress faatrs influencing variation in arsemc cancertration
in singlewells. Gestatistical approdeswere gplied todevebp mgsdepictingthe probaility of exceeding
specfic proposed Maximum ContaminantLevels. Thedat, mas,ard Patia dabses producedhave beenuseal by
well owners, well dillers, public water sippliers, electedfficials, andegdemidogists.

Among the more importantstudy findingswere:

e Themajority of well-waterarsenicoccus in thereduced form -- As(l11)

e Arsenic concentrations in well water exhibit vertical stratificaion, with maximum concentrat onsoccuring near
the belrod surface

e Arsenic concentrationsrange from 6 mg/kg to over 300 mg/kg in aquifer magrials in the stidy area

e Thereis no correlatiorbetwea thearsenic conceantration n consolidated guifer materials andhe ajacent well
walter

e Concentrationsof arsent in aquifer water are vey reproducible over paiods of 10 yearsor more

¢ Obsenvedconcentationsof arsenc in drinking water from individualwells may be influencedby sanpling
methods andralytical procelures

e Well corstruction practices majnfluence arseit cancertration in individual wells completedin the same
aqufer

¢ In some canties andiownships, the medanwell-w ater asanic conceatration exceds the current standard a0
microgams g liter, and the probahility of finding a sutable gound-water spply is low.
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Arsenic Does Not Appear to bethe Risk Factor for Bladder Cancer
in the Absence of both Humic Acid and High Arsenic Levels
(> 350 ug/l)

Steven H. Lamrf®and Manning Feinleib
!Consultants in Epidemiology and Qupational Health, Inc. Washington, DC
*Georgetown University School of Medicine
*Johns Hopkinschool of Public Health

BACKGROUND: Since the 18B0s, the USrisk aralysesfor arseric in drirking water hae been lased on
observations fromhe BlackfootDiseaseendemic eeaof SW Taiwanwhere the attesian wellontained
humic acdsard high arsent levels (350-2,000 ug/l) and the shalow wells lacked humic acd and had low
arseic levels (0-300 ug/l). Samevillages hadwells from both souces. Earlystudies analgedrisk by well
saurce;Later sudies analyzed only by mean arsent level for wells in ead village. Bth water factors have
notbee analyzed bgeter.

STUDY DESGN: We hare examimed the dbta underlying theNRC 2000 analysis order to exmine te
bladder canaerisks accordig towater soure and tlen to identify the alditional informdion thatwas
learnal from examining thespecific arsenitevels within the water souice groug.

RESU.TS: We faindthat the Hadder carcer matality risk was naot associateavith the arsec level in
villages that used either only shallow wells as tleir drinking weter source (@-300 ug/l) or bath shallow ard
artesianwells astheir drinking water souce (udl). We found thatonly for the artesianwells did the
bladder carcermortality increase \ith increasimg level of arseinc.

CONCLUSION: We find noarseiic-relatedoladder carcerrisk with the exception of villages sdely
depadentupon humic acd-containing water with high arsenic levels above 350ugi.
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Regional, Seasonal, and Ethnic Differences in the NHANES III
Pesticide Epidemiology (PEPI) Study

Ruth H. Allert Mary Ward Gauthami GondyDavid T. Magéand Michael C. Alavanja
'US EPA,Office of Pesticié Programs, Washington, BRCI, Division of CanceEpidemidogy and Genetics, Rockville, MD
and’Temgde University, Institutefor Survey ResearcWyashingtm, DC

The tird National HealthandNutrition Examiration Survey (NHANES 11l 1988-1994) collects health and
nutritiondat for a sanple of the U.S. population. Exposure information and pesticide netabolites wee
analzed for a sib-sanple of 1338 NHANES |11 participarts ages20 to 59from 24 locaions in13 states, rad
978 people provided urine samples far analysis of pesicide metabbtes (uy/L andug/g creatinne crrected).
We desctie:the geometric meamedian, interquarile rangeard 95" percentile for pesticide metabtés by
region, seaen, ethnic differences, ad seasnal differencesby cersusregion; a highe apparent pestcide
burdenfor reppondents in the Sauth and Midwest a mmparison of high urban(>1 million) geographic areas
to areas gdcert to urban area (>Imillion); a deficit of rural caurtiesor areaswith active agricliure;
seasaal variaton by region, wheae 1nagphthol and 2 5-dichloropherol had a higher concentration for the
sampes talen in the summer;and provide cropspecific pesticide use patterrs at tke time of tke suney for
the fewpredomirartly rural courties. Because seples were manly obtained from highly urban locaions
exposures amog the rural populationliving in agricutural areasnay be dfferent. Furthermore,sanpling
did not always occu in high pesticide useseasans in all aress suveyed, limiting our ability to make regional
comparisans ard passbly underestimatingexposures in smme areasDueto thesmall sanple sizemoredata
will be neecedto confirm these findngs, and targtedstudes with commutity HANES on popuations in
agriculture over mdtiple seasnos.
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Estimating Ground Water Arsenic Concentrations For Exposure
Assessment In Cancer Epidemiology

Joseph D. Ayotte John R. Nuckofs Sarah J. Ryké&rDalsu Bari§ Alan H. Welch, Kenneth P.
Cantof, Gilpin R. Robinson, Ji.Margaret R. KaragdsMary Ward, Laura Haye's Joanne
Colt', Debra T. SilvermanJay Lubiri
'U.S. GeologicaBurvey, PembrokéyH; ?Colorado State Universityort Collins, CO?CarnegieMellon Universiy, PA, *

National CamgerInstitute,Rockvile, MD, *U.S. Geological SurveyCarson City, NV:U.S. Geological Survey, Reston, VA,
Dartmouth MedicaBchool, Hanover, NH

The National Carcer Irstitute (NCI), in calaborationwith the State @partmerts of Health in Maine, New
Hanpshire, and Vermont, is corducting a large population-base& casecontrol study of bladde cancerin northem
New England todetermie the reasons for the elevatddddercance incidenceard mortality rates in men ad
women. One hypathesis is that enronmerta exposure toarsent in drinking water may be reéted to risk o
bladder canae

A recent USG%nd NClecobgicalstudy suggsted hat badde-cancer mortality in New England ma be
asseiatedwith privategroundwateruse, which supports including water sairce andconsumption information in the
case-control sidy. Becaseof the bng latency peiod asociatedwith bladde cancer, akey problem is assessig
past exposure towater cortamimarts inprivate wells. Thus lifetime resdertial histarieswill be cdlectedfrom each
sulject. The USGS will thensampe wells at the former resiénces fa arsemc andother contaminans.

A USGS/NCI/Dartmotuh College pilot studyshaved that exposure histories formanypatrticiparts canmot totally
rely on thesampling offorme wells becausgvellswill not be locathle, maybedestoyed, or areoutside of the
study region. Therdore,the USGS and NCI aredeveloping astatistical model to estimate giound water arsentc
concetrations basd ongeologic, hydrologic, and land-use daa.

The model willaccount for spatiadndtemporalaspects of arsemioontamination ad will incorporate geochmical

explanatoly terms (eterminstic malels), GIS techimgues, ad spatial statstics. Graindwaterarseric-concertration
dat, statewide geologic dat, hydrologic dat, ard anthropogenic factors will be ncluded. By integrating GIS tools
with model, arsent concentrations ca be etimatedfor participarnts with incomplete addresses.
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Application of Health-Based Screening L evelsto Ground-Water
Quality Data in a State-Scale Pilot Effort

Patrida Toaaling, Pau Stackelberg Leon Kauffmaf Lisa Nowelf, Sandra Krizmari and

Gloria Post

‘Oregon Healtl& Science Uniersity, Beaverto, OR;?U.S. Geologich Survey, W. Trenton,NJ;°U.S. Geological Survey,
Sacranento,CA; ‘New Jersey Department of @ronmental Protection, Trémn, NJ

The U.S. Geological Survey (USGS), aspat of its Naional Water-Quality Assessmat Program, has
undertaken an interagency study in coopeaation with the U.S. Environmental Proecion Agency (USER),
the Nav Jersg Depariment of Environmentl Protecion, ard Oregon Heath & ScienceUniversity to
devebp, test, and refinemethods b conmunicat its water-quality findings in ahuman-heath context. In
this state-scag piot effort, health-basel scresning levels (HBSLs) are beng devebped for unregulated
compounds (that is, canpounds without drinking-water standads) using USEPA toxicity valuesard
USHEPA Office of Water meliodologies for calculating lifetime health adsories(LHAS) and risk-specific
doses (RSDs).

Ground-watersampesfrom 30 pulic-supply, 82 domestic, and8 moritoring wells in New Jersey \are
aralyzedfor 96 pesticides, 88volatile organic compounds, and7 nutrients. C these 19 compaunds, 103
weredetected.Measured concentratie ofthe 44detected compoundiat are reglatedin drinking-water
supplieswereconpared to USEPA and New Jesey maximum contaminant leve(®1CLs). USEPA
guidelines(LHAs or RSDs) for compaison with meaured concentrationsexist for only 25 of the
remainng 59detectedunregulatedcompaunds; therefore, he alility to interpret the occurrerceof 34
unregulated compounds in ahuman-heath context is limited. HBSLswere calulated for 13 of these 34
compounds,ricreasing th@ercentaye of all detected empoundswvith human-heath benchmarks from 67
to 80percent. HBSLs wee not establishd for the remainig 21 unregulated ampoundsecause
acceptable toxity values areot awilable. Concentrationsf 11 compounds exceedétiman-health
bentimaks (8 exceded MCLs,1 exceedd an isting LHA, and 2 metor exceded new HBSLS).
Comparisons ofietected oncentraions to MCLs andHBSLs are bing examired inrelation to detection
frequencies, hydrologic facbrs, and exposure consideratins todetermine the pdertial humanthealth
implicaionsfor public and domestc ground-water suppliesin New Jersg.
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Deriving Crop Maps from Remotely Sensed Imagery To
Support Agricultural Chemical Exposure Research

S.K. Maxwelf, J.R. Nuckol§ M.H. Ward
'SAIC/EROS D#a Center/U.S. Geologicd Survey, SiouxFals, SD
Deparment of Environmetal Health, Colaradb State Universit, Fort Collins, CO
*Occupational Epidemiogy Branch, Division ofCarcer Epigemiology and Genetics, NCI, N|IDHHS

Exposure to agriculturahemcalshas been associated wilseasessuchas cance adversereproductive
outcomes, ad neurdogical dsarders. To stud/ the relationship between agcultural chemical eyosue
ard health odcomes, informabn is needed on the types of agicultural chemicals tlat apersormay have
been expsedto in the past. Inparticular, epicemidogistshavebeen henpered inteir research bytte lack
of informaion on historical environmental exposure to agricultural chemicals for rural popul ations.
Tradtional metlods used by egdemiologiststo estimae histarical expsure segh as, gestianaires and
environmental/biological sanpling, may not beusetul for edimating indirect exposure to agricultural
pesticides.

The US. Gelogical Survey (USGS) has bee collaborating with the Natonal Cance Institutein
evalaing the potential of remote sensing techrology to derive historical crop type nformaion. These
mapscanthen be ntegraied with other environmental dat sud as chemical use,hydrology, ard
atmogheaic dda, in ageographic information system nodel to estimategricultural chemical exposurs.
A majr prodem with usingimagery toderive land cover information is the time al expense invdved in
using tradtional image clasdication method. Cest-effective classificatiormethods areessetial, becaise
studiesof rare diseases likeancer must covelargegeograhic regions ad spa many decadesa
deermine satisticaly significant relationships betveen environmentl exposures ad disease oagrence.

The USGSis developing advancedimageprocessig techniques o derive land cover information from
satellite imagry that will support agicultural chemicalexposureresearctat the National CarcerInstitute.
A summaryof our researcho date will be preseited wsing case stués in the Platte Rier Valley (Colorado
and Néraska and lowa.
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| mproving Beach Management Through Water-Quality
Modeling, Geographic Information Systems, and
Economic Analysis

Sharyl J.M. Rabinovic¢j Laura B. Dinitz, and Richard L. Witmarf
'U.S. GeologicalSurvey, Western Geogghic Science Center, Menlo Park, CA
U.S. GeologicalSurvey, Lake Michigan Eological Research @tion, Porter, IN

The preenceof Escherichia coli (E. cali) in recreational fren water, an idicator offecal contamination, is
a gowing public heath concen worldwide. Recent U.S. Geological Surv@ySGS)studies suggeshat E.
coli in beach avironments may ehibit spatal and tenpord variation thareduceshe dfectivenes®f
existing water-quality moritoring programs.Until inexpensive rapid testingmetods become awilalde,
predictive nmodeling and visualizaion are wo promising tools for improving beaty management. Also,
estimates of the healtindie@nomic impact of swm closuresarenealed to undersend and improve

policy outcomes.

Theresults from twangoing interdisciplinary USGSorojects related tbeachand swin-closure polty in
Lake Michiganaredescibed here In thefirst project, ewvironmentalvariables ollectedby theU.S.
Environmertal Prdection Agerty in the summer 02000are usedo modeland visalize tre variability of
E. coli at WesBeach Indiana At present, the beanodel fi can eplain éout thity percent oftie
variahility in E. coli levels. Additionaly, mapsand animations of the dat are usedo demonstate hav
variability reduces tbusefuiness of asuredecisiors basedon singe-samje testing

In the seond project, trasferpolicy anaysis is usd to demonstrate the®nomicvaluesthat are ceated
and lostby m&king oorrect and isorrect svim-closure choices. fer this projectthe Indiana DunesState
Parkbeach is used as a cagedy.Results show that socjetight losethree tdfive times more emomic
bendit on aday when swimming is prohibited unnecessialy than it gains from avoiding advaseheath
effects when swimming is prohibited corredly. Thus the value d reducing incorrectswvim closures may be
suficient to justify additional investmen in water-quality moritoring. These prectshighlight the
innovaive use of geographic techrologies ad emnomic methods in the study of water-quality policy,
environmental monitoring, and risk assessrant
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Medical Geology: An Emerging Disciplinein Support of
Environmental and Military Medicine

José A. Centeno, Ph.D. , FlorabelMaullick, M.D., and John W. Ejnik, IR.D.
Dept. of Environmental and Taadlogic Pathtogy, TheArmed Forces Institute dfathology (AFP), Washington,
D.C.

“M edical Genlogy” is defined asthe scence deaing with the rektionship betveen natral geological
factors and hedth problems n manard animals. Scentists arebegnning to assss e influenceof naura
andantiropogenic earh sciencefactors on the gegyraphicd distribution of awide rangeof human and
animal disease Examplesof the® influences are: classiaternatonally reognized examplesf trace
element dficiency (&, goiter), exess(eg, dental ard keletal fluorosis), and poisoning (eg, cronic
arsencosis). Understanding the potential adverseheath effects of geo-environmental faciorssud asdust,
soils and contaminated drinking water is of pivotal importance on the developmant of programsto maintain
force heah protecion, readinessand biologicatenvironmental surveillance. This presentation wil cover
these ad may othe aspects of ndical geology studies with paricularemphasi®n the role of trace
elements |ad toxic metals thaaffecthumanhealth.

Metals are impdart in emvronmerntal healthard onthe study of humandiseases (phblogy) becaise of
their potential toxic efect(s) to oneor more organs. Exposure to toxic metal ionsmay occur via three
principle mutes: peraitaneus ab®rption, ingeston, or inhalation. Dermal toxicity resuts from local tissue
respnses hrough direct contact of the metl with skin, or alternaively, mayrepresat a manfestaton of
sysemic toxicity following ingeston or inhdation. Allergic contactdamatitis inducel by nickel (Ni) isan
example of docal tissugesponse.Theadverse ataneous reactionsesulting fromchranic ingestioror
inhalation of arseical compouds exemgify systemic toxcity.

A variety of toxic pahologic respnses h human tissus and organs(i.e., skin, liver, heat, kidney)
assocatedwith both aaute and chronic exposuresto metls havebeen descibed.”* The aim of this
presatationis to provide examples where toth ddficiercies of traceslements awell astoxic exposure of
metls maybeinvolved in physiologic changes &d the development of human diseasesWe will disauss
the impact(s) of metal ios andtraceelemens onhuman health as illstraed with examples of arsgc
poisoring from cortamimatedwater in the Bemgal Déelta (India aml Bandadesh ard from coalcombustion
in sauthwest Ghina. A brief overview of clinico-pathological asgctsof toxic metal exposes ircluding
selectedskin lesians will be preseted.
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Telemedicine — Emerging Technology for Health-
Related Research

Bruce Williams, DVM
‘Armed Forces Institute of Patlugy, Washington, DC

Within the last5 years anumber of factors have mmbined to make telemedicine apowerful and cost-
effective bol for healthcae delivery andmedical reserch, including the globalpenetation of the Internet
andas®ciated broadband tecmologies the development ard wide availability of inexpensive digital
imaging equipment and the concomitant increasean processig power and decease in cost of
commecially availablecomputers.

The Armed Forceénstitute of Pahology’s electrmic cansultation certer is tre largestof its kind in the
world, expediting the AFIP’s pathology expertise t0145 cortributing institutions araundin the world in the
areaof telepathology, telecyblogy, teleradiology, and teleforersics. Telemedtine onailtations ae
processd within anaveage of 3.2 working hours, and the institute hasshown a97%-+ rae of clinically
important concordancebetveen electronic and traditionalglass-basgdiagnosis.

The Department supports avide rangeof platforms and currently receives casesn threedistinct
paraligms: sttic images (omprising 94% of casesn 2002), robotic micros@py, and whole-slide digital
images. Advancedtechologies (whole-slide images robotic microsopeg provide celent diagnhostic
quality andallow the pathologist toview anyregon of aslide at anymagrification.

In 2002, 10%of our casebad wasdiagnosed using robotic micros®py. This form of telepathology
corsultation uses he Internetas he transport paradigm for diagnastic consultation, with the AFIP
consutant cortrolling the micrascope (adusting field of view, focus, illumination, etc.) at a sigficant
distancefrom the specimeitself. Routine diagrostic conaultations areoutinely completed agossupto 7
time zaes.

Whoale-slice images,digital scars of ertire glass Hdes remain in the evaluaion ad proof-of-concept
phase in 2002however weanticipatereceiving thesénages for consultéion as edy as 2003. We are
cumenty utilizing this tool for educatonal purposes apat of the Institute’s ommitment to distance
learning.

Static imags,while limiting to the pathd ogist interms ofdiagnosis, g extremel portable and @st-

effective; ard may be efficiertly utilized in a dobally-distributed research settin Guidelines fa
appropriate usef static imagsin the areaof pathology willbe emphasized.
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Rapid Assessment of an Urban Hazard: Spectroscopy of the
World Trade Center Dust

G. Swayzg R. Clark, T. Hoefen, K.E. Livo', R. Greef) B. Pavri, C. Sarturg
S. Sutley, G. Meeke!;, G. Plumleé, J. Boardmah S. Vancg |. Brownfield, C. Gent,

L. Morath

'U.S. Geological Suey, Denver, CO
?Jet Propulsion LaboratprPasadena, CA
*Analytical Imagng and Gephysics, Boulder, CO
Environmemal Protection Agency, Denver,@

On Septembe 16", 2001, five days following the collapse of the World TradeCenter Towers hyperspectral daia
was ollectedover ground zeo with the Airborne Visible/Infrared Imagng Spectraneter(AVIRIS). Our intert was
to repidly asses the shesbshazardof thedust thablanketed a largportion of lover Manhattan. Within two
days of the overflight, a tvo persan teamhad collecied ground sanples of the dust ard arfall debris from 35 sites
within a 1-km radius of the cdlapse site irtluding sampes from two indoa locatiors unaffected byrainfall and
sampesof insuation from two steel lskams at gound zero. Spctial measwvemerts of dust-free cementgavemert on
the top level of a paking garaye n New Jer®y, locaed 3 km west of ground zeio, were usel to calbrate the
AVIRIS data prior to spectral mapjng with the USGS Tetracader spectral icertification algorithm. The dust ad
beaminaulation samples wee analzed for avariety of minerabgical axd chemicaparaneters usig reflectance
spectrosopy, scanmig electron micoswpy, X-ray diffraction anaysis (XRD), and tiemical leach tests.

AVIRIS miner@ mapsdo not show widespeaddistribution of chrysoile or amphibole abestos dove the
few-pacent detection limit of the instrunm at thegroundsurfacepbutdo show dew isolatedpixels of potatially
asbedform minerabk. AVIRIS images werealsousedto locae hotspots in the débris pile hidden from view by
smole, this allowing firefighters tomore effectiely battle the fires. Delivery of this information to emergncy
manaers withi two weeks of the dtack demonstrated how raily theseurban hazardgould beassssa ona
spatially-comprelersive scale vith imagng spectrescqy. Spectral ad XRD analysisof thefield samples took
severalweeks longe and revealed that tracéevelsof chrysotile were presen in 2/3 of the dust sampesbut at
concentrations lowe than 1wt%, wellbdow the sasitivity level of AVIRIS. The field data suggesthattrace levels
of chrysoile were distributed with the dustradially in west north, and eastrly direcionspetaps © distances
greaer than 3/4 km from ground zeo. Thelack d chrysotile at levels abwe the detection limits of bath mehods in
all butonesanple collecedsouth of ground zeio ma indicake that chrysotile wasnot distributed uniformly during
the collapse.

32



National and New Jersey Statewide Reconnaissance Surveys of
the Occurrence of Radium-224 in Public Ground-Water
Supplies

Zoltan Szab', Michael J. FocazipVincent T. dePallJeanette H. Odeh Thomas F.

Kraemef, Claude M. Epsteinand Kevin L. Dixon’

'U.S. Geological Survey, Trenton, NJ
“U.S. Geological Sumy, Reston, VA
*U.S. Geological Surveoustm, TX
‘Richard Stockta College ofNew JerseyPomora, NJ
*New Jersey American Water @pany, Haddomeights, NJ

Variations in gross alpla-particle radoactivity obsened in waterfrom acuifers n New Jeseywithin the
first 3 daysafter sanple collecion cainot be explainedby variations n the concentation of radium-226. A
previously undeteminedradionuclide, radium-224 (Ra-224), with a 3.64day half-life was foundto ke
responsible. Because 224 mayposean additional healt risk not aldressedby theU. S.Environmental
Protecion Agency (USEPA) Maximum ContaminantLevel (MCL) of 5 pCi/L (picocuries pe liter) for
combined radium (defined as radium-226 plusradium-228) in drinking water, the U.S. Geological Suvey
(USGS), incdlaboration with the USEPA, he American Water Works Associah, ard the American
Water Works Senice Compary, conducted atargetel national reonnaissinceof radionuclides m public
ground-water supplies.ddcentrations ofRa-224exceedd 1 pCi/Lin 30 percent, 5 pCi/lin 15 pecent,
and10 pG/L in 5 percet of the 99sanples; the maximum concetration of 73.6 pG/L was measted in a
sampe from the Castal Plain of Maand Concentrations of Ra-224 generally weregreater than thoseof
other isotopes of radium. Concentatonswere greaestin water from the Atlantic Coastl Plain ard Interior
Lowlands Provinces.

In a related stug the USGSjn cdlaborationwith the New Jersg Deparimentof Environmental
Protecion, Richad Sbdkton College of Nev Jasey, and the NewJesey American Wagr Company, is
conducting the first reconraissance suivey of the accurrence of Ra224 ata statewide s¢a in Nav Jersg.
Results d thisneary completed sudy indicate that concentationsof Ra-224 exceeled 1 pGi/L in 34
percert ard 5 pCi/L in3 percert of the initial 61 sampes, witha maxmum corcertration of 6.8 pCi/L.
Concentrations of Ra-224 were greaest in the acidic watén theunonfined astal Plain quifers,where
the combmationof aquife characeristics (permedb, carse-graied and gartzce), geochemistry
(acidic), ard land-use(agriculture with nitrogen-kearingleachate that imeases adification) affects the
concetration of Ra-224. In thisway, local scale (statewide or smallesiudies can helto elucidatetie
effects of geologic, hydrologic, ard geochamical factors on Ra-224 ocaurrence.
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Dusts Deposited by the September 11, 2001, World Trade
Center Collapse: Their Chemical Reactions with Simulated
Rain Water and Body Fluids

G.S. Plumlee, T.L. Ziegler, P.L . Hageman, G.P. Meeker| Brdothe, PTheodoraks,
S.J. Sutley, R.N. Clark, S.A. Wilson, G.8wayze, T.M. Hoefen, J. Tgart,

and M. Adams
U.S. Geological Survey, Denve20O

As partof an environmental sudy of the World Trade Center (WTC) areaafter Septenber 11, 2001
(http://greenwand.cr.usgs.govipub/open-file-reports/ofr-01-0429/), we characterize the chemical
composition andreactivty of dusts apaosited bythe WTC collapse.We aralyzedsanples d dustdepaosits
from 2 indoar ard 15outdoor locations aroud lower Manhattanmaost cdlectedon Segember 17 and138,
2001. The chemical makaip of the dusts integraes diemical contibutions from paricles d glassfibers,
conaete, gypsum walboad, window glass,metls, pgoer, pants, lighting, wires, ppes, fire retardants,
computers, ekctronics, and othermagrials typical in office buildings. Concetrations of sanemetals inthe
dusts inc, barium, lead copger, chromium, mdybdenum, artimony, ard titanium) are higher thanin
mary naural soils. Lead tests ushg water (1:20 g dustml deionizedwater, 5 min) show the dust samples
arequite dciemically reative, and produce &hline to causticdachatesolutions by disseing calcium
hydroxidefrom concete paticles.Indoordust leachates@ substatially higherthan outdoor dust
leachatesn bothpH (11.8-12.4 visus 8.2-10.4) and &hlinity (500-80 mg/kg vesus 20-50ng/kg).
Although the geneate castic alkalinty, the indoor dustarenot as caust as drain cle@er. Reactionsf
the dusts with carboric acidin rain or other masture helpmake hem less caustit.ead testsawith
simulated lung fluids (SLF) (1:20 g dustml SLF, 24 hr) produced smaller pH shifts due o the pH-buffering
capacityof SLF componentsSomemeals in the dusts(silica, aluminum, chromium, animony barium,
coppe, zinc, mbalt, and nickel) aresolublein wate, and many ae ezenmore soluble in SLidue to
chelationby dhloride, citrate,and gycine. This information carbe usedto help interpret potertial origins
of heath problems thatdevelopda in individuals exposed to WTC duston ard &ter Septembe 11, such as
WTC caugh, bronchial hyperreactivity, andgastoesogageal reflux.
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Mineralogical, Geochemical, and Toxicological Variations of
Asbestos Toxicological Standardsand Amphibole Samples
from Libby, MT

Thomas Ziegleér Geoff Plumleg Paul Lamothg Greg Meekr, Mark Witter?,
Steven Sutley Todd Hinkley, Steve Wilsoh Todd Hoefeh Isabelle Bravnfield',

Heather Lavers
‘United States Geological Suryayenver, ©, USA;*The University of ArizonaJucson, AZ,USA

It is well known that exposure to adestform mineral dust is associated witung diseases sicas
asbegisis, maignant mesthelioma, and bronchogenic cacinoma Past atention focusedprimarily on
humanexposure and heath effects  commercia asbegis. In recent years there hasbeen renaved
recognition of theotentialdeleteroushealth éfectsof asbestos thahay occuasaccessory minerala
rocks (e.g serpetinite, a canmonrock in the US) andin sanemineral canmodties wsedin corsumer
products (e.g vermiculite or talc). Within the st decadbks, manyin vitro andin vivo studies havestown
asbedis to becytotoxic and mutagenic, yetthe medanisms regponsble have escped idenificaion. It is
believed that sbestos-related déases mabe aresult of vo medansms, mechrical ard intracelldar.
Eviderce n the literatue indcates tht the potertial for the askestiform minerals b elicit one or both of
thesemedanismsmay be baed onthe mineral's minerdogy, size shapechemisty, elanental speciation,
andelectal propeties. However, contradictory evidence @n ako be found in the literature aout the
specific meckanism of toxicity attributed tospecific asbegbrm minerals. Thus, he medtanistic questions
can be besinsweral through increasd collaborative reseath betveen the geochemistry andheath-related
commurities.

One key stepin the cdlaborative reserch process is thaineralogicabnd geotiemial characterization of
existing and new asesbs standads for toxicological studies. Tus, he USGShas analyzed5 setsof
aslestos stanards (5amaites, 4 athophyllites, 6 chrysdiles, 5 crocidolites, 4 tremdites) andsampes of
Libby adesbs Chemical andyses ndicate that elementabotent variesbetween sbesbs standardsf the
samemineral Analysis (XRD, SEM, EDS) alsoindicakes dfferencesin asbegis habt (paticle shae) and
the resence of other minerak as ontaminarts bewveen differentadesosstandads, within the set of
asbesis standards ard within the Libby sanples. Geochanical solubility studies n simulated lung fluids
and cell line media containing fetal bovinewa revealedadditional variaonswith thesetest sampés.
The kevel of toxicological indicabrsvaried within ead group aswell. The Libby, MT amphibole exibited
a higher level of toxicity as omparel to the toxicological sandad. Thesevariatonsbetveen he adesbs
stardards, or those within the sets of tle same asstiform mineral, maybe respnsible for corflicting
toxicological results, ultimatelinhibiting mechanistiedentification. Thiswork shows the necessity for
coninuous collaborative dforts betveen the geodhemstry and heath-related communities.
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Health Risksfrom Mercury Exposurein Gorlovka, Ukraine

Allan Kolker', Boris PanoY; Freya Kamé| Joseph Bunné|lEdward Landa

Viktor Korchemagif, Yuriy Panov, Kathryn Conk§ and Robert Finkelman
'U.S. Geological Survey, RestoviA
’Donetsk Natiosl Techricd University, Donetsk, Ukraine
*Natiorel Institute of Environmetal Heath Scierces,Research Tangle ParkNC

Mercury expasure preseits a sigiificart threat tohuman hedth, with documented effects on the nervous,
renal and cadiovasalar sysems. Geologic errichment of meraury in cods pioducel in the Donets Basin
of Ukraine has resuted inwidespead elevation of merairy levelsin the environment due t@oal
combustion. In Donetsk, the largest cityin the region, mecury concentations n soils localy exceé
backgound lewels by factoss of one  two thousand andthe average contehof mercury in Doretsk airis
about 15-20 times tackgound. The city of Gorlovka (popuation 320,000, 50 km northeast & Donetsk,
is locatedin the cetral portion of the Donets Basin wherecoak havehad the highest mercury contentsin
the rggion. The city limits of Gorlovka alsacontan the alandoned mire workings atNikitovka, aworld-
classmerairy depsit where ove 30 thousand metic tonsof meraury were poduced. The wakingsat
Nikitovka condst of aseresof open-pits, extensive minetailings ad tailingsponds, ard an d&ardoned
merairy processing plat, all of which areuncontrolled ad readily accesible. Macury vaor
concetrat onsnearthe Nikitovka processig plart are hundreds of timesbaclkground levels.
Reconnaissae sampling of cal produed as aby-product during the lifetime d the Nikitovka minesgives
meraury contents more than 100 timesthe average meraury content of U.S. mals.

Health statistics for residents of Gorlovka remain largely unavailable. The proximity of Gorlovka to
millions of metric tons of untreated waste from an abandoned mercury deposit, together with continued use
of mercury-rich coal in local industries, make it very likely that a portion of its population is being exposed
to unhealthful levels of mercury. High concentrations of mercury were found in urine, blood, and bones of
children in a previous study of two Gorlovka schools. Additional work is needed in Gorlovka to document
health effects, confirm mercury exposure in individuals, and map out mercury levels in residential areas.
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Mapping the Spread of West Nile Virusand Assessing the Risk
of Human IlIness

Stephen C. Guptill, San D. Price, Les®ly E. Mlheim, Michelle F. Coffey,

and F. Lee De Cola
U.S. Geological Survey, RestovA

Since it wes first detectedin New York City in 199, WestNile (WN) virus has gread coastto-coast having been
found in 43 States frm Maine to California. The U.S. Geological Survey is working with the Cetersfor Disease
Control and Preventon (CDC) to learnthe airrentgeographic extent of the WN virus, © understand how it moves
between birds, moguitoes, ad humars, and to predict future outbreaksof the virus

A collaborative 3yea reseach projectis bang cmnducted on U.S. Fish and Wildlife Sevice,Natonal Pak Sewice,
othe Faderallands, and on State, local, and private lands abng the Atlantic ard Missisppi Flyways. This study
uses he sanpling of migraory and localwild birds © detct the presace of WN virus and identify possible avian
carriers Ove 9,700 birds d more than 150 speces havébeen cptured, sampled,na rdeased a0 Fealeral ad 3
other sites in 12 Statesduring the gring ard fall bird migration seasns of 2001 and 2002. A parallel study, being
corductedwith CDC, is examining the distribution and numbe of mosquito speces n relation 1o land cove,
weathe conditions, ad avian mortality. Systematic maquto surveillance (wekly collectionsat seva sites) is
being conductedyearround in St Tanmary Parsh in Louisiana, omplemening avian collecionsdone at Bogue
Chitto ard Big Brandh National Wildlife Refuges in the parish. Finally, West Nile virus suveillancedat from the
CDC isbeing studied todetermire the spatial ard tempoal relationshipsbetween dseaseoutbreaks irbirds and
anmals anl humanillness.Informationfrom these aalyseswill guide te creatian of predctive maodels of disease
risk.

Thesesuneillance sytems praide the tesic information onthe “geogaphy” of the virus. Comimning thesedata
with information abou avian migratory patterrs, langcape characteristicand weatheconditions,over spacend
time, wil provide he foundationfor developing spatal anaytical andforecasthng models to asses he risk of
human illness.
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Ambient Shorédine Sources of E. coli in a Coastal Beach and
Stream of Southern Lake Michigan

Richard L. Whitmah
‘Lake MichiganEcological Resarch Sation,U.S. Geological Srvey, Porter, IN

Swimming advisorieslue to &cessiveEscherichia coli concetrations are commonalong maine ard
freshwater caastlines. Researcimto souces, moemert, ard persisterce of E. coli has been frustrated by
oversimgdified paradgms aml inahility to accaunt for contributing cawsesof cortamiration. The auhor
reviews his research at 63Street Beach, Chicago, lindDunes Ceek, acoastal straa in Indianato
illustrate low intrinsic souces of E. cth can irfluence water quality andconseqently compromise thuse
of E. @li as an indicator sped@s ofpollution.

An intensive stidy was uncrtaken at 63 Street Beach to charadias thesource ad fateof E. coli in
beach wateand sand at thebeach. FromApril through Setembe 2000,water ad sand samples we
collecied daly or twicedaiy attwo depths threeconseative days aweek (water n=1747, sand n=858);
hydrometeoological canditions andbird and lather distribution were alsorecorced E. coli in sandard
water were sigrificantly correlategdwith concentation in foreshore sand highest followed by submeged
sard and water of increashg dept. Gulls contributed to part of the E. cali in the sandard water the
following day. E. coli remlonized navly placedforeshore sandithin two weeks. ANOVA, correlation,
cluser analyses, concentration gradients, temporalspatal distribution, demographic paterns DNA
fingemprinting, andin vitro andin situ growth obsewations suggestthat E. coli may beablk to austain
populationdensity in tenperate beach sand chgisummemonthswithout external inpust

Dunes Crekis a small oastal streanmhit drainswetlandsand aquifers and enpties onto a LakeMichigan
beach at théndianaDunes Sate Park. Eleated count®f E. coli, which are mostlyattributable to non

point sources,havebea a pesistent problem in the aeekandcontiguous bahing water at the beab near

its outfall. Spearmararalysis shoved a carelation betveen aeekwater and steamsealiment stream
sedment ard shoreline, shordline ard 1 minland.. MedianE. coli washighest in strearsedimets

followed by, in order of magnitude,bank sedimens, gring sedments, steam waer, and isolated pools;in
forest wils, E. coli counts were low but high outliers were canmon Sedmert maisture was correlated with
E. coli counts (p = 0001, n= 34). These studies clearly sugged increaed ditching, steam ader,erosion
of ripariansedment and lossof wetands may acount for highe bacerial dersity. E. coli was ubiquitous

in Dunes @eek and associatedasin.

These g@amples prese evidence thatieek and lakeshores mayl) play a major rte in bacterial water
quality, 2) be importart nonpoint saurcesof E. coli to water rather than a netsink, 3) be ervironmenglly,
andpehapshygienicaly, problemaic, ard 4) be cgabk of sypporting anaubchthonous, high density of
indicabr backria for sustained periods indeperdent of lake, human, or animal input Potential ambéient
growth and persistence d E. coli in sdls, sedimets ard macpplytes asociated with mpeate waters is
poorly investigated
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Bank Filtration of Water bor ne Pathogens,
Platte River, Nebraska
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Bark filtration has beenused fa certuries o purify river water used asdrinking water. However, recen
efforts 10 protect aganstsuch waterborne pahogens asCryptosporidium ard Giardia mandae the
guantification of bank filtration efficiency so hat drinking-watesystems can receiweedit for this
natural removiamechaism. BecauseCryptosporidium andGiardia oog/sts are eammonly presentn river
water, ineffective remwal by bank filtration could resut in increasedealthrisks. Methods to detect
Cryptosporidium ard Giardia oooysts can be umeliable and costprohibitive relative to standad
biological tests. Limitationsof detecion methods mean that failure to detct oogysts in drinking-water
supplies does nat insure their abserce in the water. Water-quality indicata's that are correlatetb the
presece of Cryptosporidium andGiardia oocysts canbe helpful in reliably determining cortamiration
by waterbome pathogens, while atthe samdime dleviating the financal burdenon the drinking-water
systemof paying for drect analyses.

A study is currenty underway by the U.S. Geobgical Survey, in cooperaionwith the City of Lincoln and
the U.S. Envronmenal Praection Agercy toevaluate the pdertial for trarspat of microagansmsof
varying sizesthrough bank filtration o apublic-water supply during differentseaons and flow regimes o
the Phtte River. Sanples arecolleced diring baseflow conditions and significantrunoff eventsfrom
surfacewater,onecollectorwell, treatmat plant éfl uent,and treated drinkig wate. These smples ae
then aalyzed for Cryptosporidium ard Giardia, tempeature, dslved oxygen, specificconductance,ral
pH, turbidity, paricle counts, dislved organic cabon, hydrogen and oxygen isotopes, total coliform
andE. coli, agobic spores, algae,diatoms, ad male-specific and seaic coliphages Results ard
implications of these aalyses wil be discussed
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Mycobacteriosisand Striped Bass

Christopher A. Ottinger
USGS, LeetownScience CenterFish Health Branch

Mycobacteriosis is a bactal diseasen which strpedbass (ockfish) maybe dsfigured asaresult of kin
ulcers ad internal lesions. Te bassmay alsdbe skinny due to the chonic reture of this wastingdisease.
The otal exent towhich the disease isccurring along he Eastern seabodin unknownbut the disease
hasbee reported from stripers taken from the ChesgeakeandDelawareBays. During 1998-99, the «in
ulcers atributed to mycobactria infection were obsevedin up to 50% of the stipedbassfrom same
Virginia tributaries of he Chesapale. Data obtained dumg the summer 02001 from fish harvested in
Virginia waters indcatedthat, at least in some areasp to 70%of striped bassmay be nfected with the
mycobacteia that areassoctedwith the disease. Giventhe persstenceof this mycobacteriosis outbreak
(at least far years), tiis does na appear to be ashat-term protlem. SeveraMycobacterium spp,
obtained fromthe «kin, kidneys and gpleensof Chesgede Bay stipedbass hae recently beenisolated
and chaacterizd. Included wereMycobacterium spp nat previously known tobe fish patiogens ad M.
marinum a speies associated withathobgy in stiped bas ard numerous specesof aquarumfishes
Many acid-fasbacteria, including sonmt@at commonljinfect fishes, suclasMycobacterium marinum, M.
fortuitum, and M. chelonei, can cause nfections in peple ad theeforeare a humaheath concen. This
is nat atrivial consideration Fishhandler’'s dseasettribued to mycobaetrid infectionis nat uncomman
in the Chesgeake Bay region. The stiped bass s a highly prized target species forboth recreational
angles and commercial fishenen. Becauseave have ilated opporinistic pathognic mycobacteria from
stripedbass &in ulcers,the potenial for contactbetveen people and the microorganisms may bevery high.
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The Huntington Beach Investigation: Where are the Bacteria
from?
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The caatral Southen California Bightis an urbanized coasi ocean thais heaily impaded bymaterial
dischaged from land-basel sources n the region (e g., maishes,siorm drains, rivers, ocean savage
ouffalls). For most ofhe summenf 1999, largesectionf Huntingbn Beach,on thesouheastern dge of
San Pedr®ay, were posted oclosal dueto bacteriatontamination. The beach ha wntinued to beposted
or closedin the summersf 2000-20@2. The souces ofthe contamination were unknown. Ore hypothesis
was hat cross-shelfrinsporfrocesses, in the stratified summer seasoight move material fromalocal
outfall, 4 km offshore atthe dielf bre&, into the nearshore. In order to test this hypothess, 13 moorings
thatincluded 7 upward-looking ADCPs and temperature ard/or salnity sensor arays were depbyed acoss
the stelf for 4 morthsin the sunmerof 2001

Semidurnal internal tideswere the daninant processes tht trarspatedwater andnaterial sgpended
below the thermcacline acras tte stelf. The shadling of these internal waes allaved the cold watefrom
below the thermccline into water apths less tlan 15m. Grossshef transport processesvereinhibited in
waterdepths less tha 10m,but cooler pulsewere occasionally observed the nea-shore. Howeer, the
nearshore @ld water events did not carrelate with bead contamination. Other processe tat aresuspested
to be related to hcteria cotamination onHuntington Beachduring the summer miaths will also ard
discused
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Arsenic and Metalsin Soilsin Residential, Forest, Orchard,
and Industrial Areas of the Coastal Plain, North-Central
New Jersey

By Julia L. Barring€, Zoltan Szabg and Thomas H. Barringer
'U.S. GeologicalSurvey, West Trenton,NJ

Concertratiors of arseic exceedthe State @arup Criterion of 20 ppm (parts per million) in bah sandy
and clay-rich soils of twoesdentid areaspne ajacent to (ared), andasecond 0.5 milérom (area 2), a
Superfund sitein northrcertral New JerseyArsenc conceitrations mub greater tha 20 ppmwere
measured isoils at the Supéund site, where arsaical pesicides wee produced during 1917-45.
Identification of the Siperfund site as a awrce ofarseiic to residential sdls was conbunded bythe
presace ofarsenic-bearing minerails thegeologic substte and thepastuseof arsanicd pesticides in the
orchards onwhich the resicential developmerts were built. In a cogerative study with the U.S.
Environmental Protecion Agencyard the New Jasey Departmentof Environmental Protecion, he U.S.
Geobgical Survey collecied samples from discree soil layers (horizons) in neaby foresed areas, in former
and currat orchards, at th&upefund site,and in heresidential areas; these ienalyzedfor 23 meétls
and total organic carbonh& chemical (asenic andmetds) “signatures” of nearsufacesoilsfrom forests
(geologic and atmopheic cantributions), orchads (pesticideuse), ad the Spefund site (industrial
inputs) wee determind statisticallyand grghically and compaed withthe signaturs of near-surfacsoils
from the residential areasThe chemical sinaturesf soils from foress, orchads, ard the Syperfund site
weredistinctive. The signature o$adls from areal was similar tothat of sdls from the Syperfund site;
soils from both areal and the Suyperfund site contained similar slag ard debris. The sgnatre of soils from
the mae dstart area 2 s similar tothat of orchard oils, indicaing that arseic levels of environmengl
concernin restdential sdls of the regon derive from multiple souces.More widespreadmeasuremerof
soil arsaic in New Jersey hasince asued.
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A Field Test Kit To Identify Arsenic-Rich Coals Hazardousto
Human Health

Harvey E. Belkih Dan Krolf, Dai-Xing Zhod, Robert B. Finkelmanand Baoshan

Zhend
'U.S. Geological Survey, Reston, VA
’Hach Company, Loveland, CO
3Southwest Provincial Health and Epidemic Disease Prevention Station, XingYi, China
*State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry,
Chinese Academy of Sciences, Guiyang, China

Domestic comhbstion of mineralizedcoal in sodhwesternGuizhou Piovince, China hascause arsent poisoning.
The predaminately rural populatian in this mauntainaus region uses cal for residence heating ard food preparation
including drying of food stuffs over open, unvenied fires. Coal in samepaitts of thisregion is extraordinarily
enrichedin As, Sb, Au,and Hg. The use ohigh-asenic coals has assel in excessof 3000 casesf arsenic
poisoring in seweral villages. Local Pulhic HealthOfficials have tried todewelop afield arseinc testprocedure b
idenify potentially hazadous coak but the results may havebeen unreliable by the chemical inferenceof sulfur in
the test proedue. We have adapted ahighly sersitive Hach arsenicin-water field kitfor theanaysis of arsenicni
coal. ncentrated sulfric acidin usedto dissdve a small,powderél, representativecal sampe at baling water
temperatre. Any sulfide presenis oxidized to sulfate to premeinterference The asenic is onvered to arsne
gas ad theconcentation isdeterminedby comparison of test stripd acdor chart. The dfective @ncentation
range isfrom 0 tol600 ppm.

The systematic ge of ths arserc-in-caal test kit by local Public Health Officialshouldhelp dentify arsenic-rich

(>100 ppm) ooals deemd hazardous © human heath. Identificaion and closing of the mining of these arseic-rich
coals should help mitigate thedamic asenic poisoning preset in southwestern Guizhou Province.

44



Medical Geology of Selenium in Rural China

Harvey E. Belkihand Baoshan Zherfgy
'U.S. Geological Survey, RestoviA 20192 USA
’Stae Key Laboratory of Enviranentd Geochenistry, Institute of Geochemistry,
Chinese Acaday of SciencesGuiyang,China

The rekltionship betveen geobgy and heath can be prfound in developing countries wherethe rural population
tends to be poor ard is living in relative econanic isdation. China sufferdrom the occurrencef human disease
causd byboththe deficieng andthe excessof dietary selpium (Se). Although Se is amrssential tracelement
necessy for human heath, it hasa rehtively narow rangeof concentration for optimal well-being. Specific
human healtihazardselated to Seldiciency incudeKeshan Diseasghronic cadiomyopathy: heart muscle
disease) anlashin-Beck Disasdgendemic ostoarthropathy: painful swelling of te joints). Kashin-BeckDisease
has dong historical recrd with references o it daing bad to the 8" certury BC. Selenim toxicity in humans is
characterizedy dermatdogic lesims, ard hair anchail abnormalities. Te occurrerceof thesevarious dseases is
relatedto the Se comertration in the sal and canalsobe influencedby groundwaterdepleting the sadls. For
example)arge areas o€hinaare undedin by loesswhich has gpaucity of Sethatweathers to a soil whichftects
this ddiciency. Smaller areas inhhaare undelain by metal-rich black shles poducing local sois containing
relatively high concentratonsof Se. Crops, andlivesbck eating local vegetation, will tend to mirror the Se ontent
of the sal. Poa, rural sulsisterce-farmng popuationsliving in these areasdue little or no availahlity of
foodstuffs from aher areas. Recaynizing the etidogy of these diseaseshiba has tried d mitigate thei incidence
by providing Se suypplementsto Seddficient populationsor by limiting agriculture n Serich sils.
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A Model for Projecting Asthma Statistics on Schools

Thomas M. Brody, Ph.D.
US EPA Regiorb, Chicago, IL

1998 National Health kerview Survey dataof asthmgorevalence wee statified by ae, race, ad gender ad
syntheszedwith Chicago Public School demogrgphy from the Depariment of Educaton's Gmmon Core of Data for
the samerea. Theresults of he small arearalysiswere brought into an adress m&ched Gegraphic Information
System of schols for visual interpretatian. An initiative is unde way to devebp similar estmates of asthma n a
nafonalsetof schools.
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Modeling the Habitat of Soil-Borne Human Pathogens with a
Spatial Fuzzy System

Mark W. Butman and Frederick S. Fisher
'U.S. Geological Survey, Tucson, AZ

Spatial ceta are esseial to modeling the halitat of sdl-borne humanpathogens. Tkese sptial deta include sal
andgeologic mapping, topographic daf, soil geochenical da, weaher da, and remotely sensd dat.
Inherent in these spaital dakare anumber of problernrs, including gradatonal spatial boundaies ad variabiity
in the precisiorof the cata. Madeling mears that relationships beteenthe data ad the ocarrenceof a soil-
borne pahogen must be undestood or developeal. Often, there s no anaytical modelof this relationship ard
there are insufficieindata for statistich aralyses. Rile-basd peat systems can provide a rameavork for input
ard refinemert of expert knowledge in attemfing to madel the habitat of sdl- borne humanpathogens. Satial
fuzzy systems extend ruleaked expert systems o allow for the numerical modeling of widely diverse ad
imprecise kiowledge in a gystematc way. Linguistic expett opinion can be incorporatedinto the modelwith
numerical data of varying precision. A modd objecive is to reducethe gystem b the fewest number of
varigbles necssary for accepble modeling.

Our smatial fuzzy system, usedo malel the occurrace of asoil-borne huma pathogenfirst fuzzifies he input
data. Special rules, called fiyzassaiative memories, en relate the satial data tothe occurrerce of the
pahogen. These nles arecombined using fuzzy inference ad then defuzified. Theresult is a nunmical fuzzy
habitat sutabhility index for the sal-borne humanpathogen.A spatial fuzzy system vas usedto madel the
habitat of C. immitis, the etological agent of coccidioidomycasis, in Organ Ppe GacusNational Monument
Arizona. Therestts of this madel may help mitigate futher cases of orcidioidomycaosisin the Monumert by
allowing land usemanaeis to avoid the placemenif facilities in areasvith a hgh C. immitis fuzzy haktat
sutabhility index.
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Medical Geology and Public Health: Chronic Arsenic Poisoning
Natural History, Toxicity, and Health Effects

José A. Centeno, Ph.,Ixlorabel G. Mullick, M.D., and John W. EjnikhD.
Departnent of Environmerdl and Toxicdogic Pathology, Division of Biophysicalokicdogy, Armed Forces Institute of
Pathology, Washington, DC

Arsenic is aubiquitous elemd in the eath’'s crest. It is tragportedin the envronment mairly by water, althowgh
other natural and antropogenic sourcesof exposure to arsenic including burning of arsenic-rich coal, mining and
smelter actiities areof increasimg corcern Isswes to le corsidered inhealth basedrisk assessméifrom arseic
includethe speciation, bioavailability and he natire of dose-regpponsecurve. Although arsent hasbea long known
to be carchogenic to humans,the full extend of arsaic-heath related problemshas sl to befully identified and
studied. Pigmentation and keratosis of the skin are the two most common healthfectsarising from @ronic arsenic
exposure Research has alpointedout signficantly higher standrdized mortalityrates anetumulative mortality
rates fo carcersof the bladderkidney, skin, liver andcdon in manyareas wth chronc arseic pdlution. Although
severalepidemiological studies have documented he urces ofexposure ard the global mpactof arsenic
conamination; the metanismsby which arsent may inducedhealth éects, incliding carcer, are nowell
characteized Futther reseachis neededto provide a better understandng of the pathobidogy of arsenicinduced
diseasesral to beter define he toxicologic pathology of arsent in various organ sysens.

To undestand the heath effects of arsanic, it isimperatve to develop chemical, toxicological ard analytical
approaches tligrovideacairate, precise arfast identificaion of its mokculr and mesbolic forms In humars,
detoxyficationof arsaic takes placeby the methylation of arsenitim theliver to producemonanethylarsonic acid
(MMA) ard subsequently dimethylarsiic acd (DMA). It has bea suggested hat the raio of MMA or DMA to
inorganic arsenic (A8 ard As™) may provide a maker to evaluak heath basel risk of arsenc-induced toxicity.
Thework reported hereprovides ad discus important information by which to descrbe the underlying analytical
toxicology," pathology’ and nature of arseic-induce lesions® Such information is critical for understanding the
magnitudeof health effect@ssociatedvith arsenic &posure throughout the world.
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Environmental Mapping with I maging Spectr oscopy of the World
Trade Center Area after the September 11, 2001 Attack

Roger N. Clark Gregg A. SwayZeTodd M. Hoefeh K. Eric Livo', Ste\e Sutley, Greg
Meeket, Geoff Plumle§ Isabelle Brownfielt Phil Hagema®, Paul Lamothe Carol Gerit
Laurie C. Morath, Joseph TaggdrtPeter M. TheodorakgsMonique Adam$ Robert O. Greén

Betina Pavfi Chuck SartufeJ. Sam Vanéeand Joe Boardman

'U. S. Geological Survey, DenveZolorado
*Jet Propulsion Lab. Badena, California
*U.S. Environmental Protection Agcy, Region 8, Denver, Colato
‘Analytical Imagng and Geophyss, LLC Boulder, Colorado

The Airborne Visible /Infrared Imaging Specrometr (AVIRIS), ahyperspectal renpte sensing instrument, was
flown by JPL/NASA over the World TradeCenter (WTCQ) area orSeptembe 16, 18 22, and 23 2001. A 2-peron
USGS cew collected samples afusts ad arfall debris from more than 35 localities wthin a 1-km radiusof the
World tradeCenter ste onthe eveningsof Septembe 17 ard 18 200L. The AVIRIS data, field sgecrometerdata
collected in aeas awgy from theWTC, and information deivedfromfield sanples in and around the WTC were
usal to calbrate, provide ground truth, and map the debris and its composition in the lower Manhattan area wih
2x4-meter sanpling. Laboratory analyses and the AVIRIS mapping reallts indicake the dusts arevariable in
composition, bath on afine scale vithin individual sampes andon a @arser spatial scale baken direction and
distance fronthe WTC. Repicate mineralogical anchemical analysesf materialfrom the sene sample reveal
variability that presimably is dueto the heerogeneaus mixture of different matrials canprising the dusts. The
spatial variability is olsenedat large scale®f ters of meters to ceimeter ad smaler sales. AVIRIS mapping
suggests that materials vith higher ironconten settledto the soth-southeast 6 the building 2 cdlapse ceter.
Chrysotile mayocaur primarily (but not exclusively) in adiscantinuous patern radially in west north, and easgrly
directions, pehapsat distanes greaterthan 3/4 kilometefrom groundzero. Althoughonly trace levels of
chrysdile ashestos have beendetectedin the dust andairfall sampes studed to date, the presere ofup to 20
volume % chrysdile aslestosin material cating steelbeams inthe WTC delris, andthe potertial areasndicated in
the AVIRIS mineralmaps indicak that asbe®s ca be found in localized ©ncentratons.
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Reflectance Spectroscopy as a Rapid Assessment Tool To Detect
Asbestiform Mineralogy: L essons from the Libby, Montana Region
and World Trade Center

Roger N. Clark Todd M. Hoefeh Gregg A. SwayZeK. Eric Livo', Greg Meekéer Steve

Sutley, Isabelle Brownfield, Steve Wilsoh J. $m Vancé, and Carol Geht

'U. S. Geological Survey, DenyeZolorado
“U.S. Environmental Protecti Agency, Denver, Colorado

The vermiculite mineral deposit rearLibby Montara is alscasouce of ampibole aslestos. The vermiculite was
mined andprocessedor use as irsuation ard as adiv es topotting sdl and ather apgications. Asbestcs
contamination in the Libby region is currently a oncemn of the ERA. Possble contamination wvers alargeregion.
The BPA ard its cantraciors have identifiedan aeaof tensof square mies wheretesting is desred, involving maiy
thousards of sampes.

Detecion of amphibole abestiform contamination can bediffi cult in catain stuatons. In the caseof Libhby
vermiculites, amplibole fibers have sanetimesgrown between \ermiculite layers. The index of refractian of
vermiculite andthe tremdite-richterite-winchite fiber compositions arenearlyidertical, makng it difficult to detect the
embelde fibers with normal opticainicrosopy methods. Methodsud asTEM and SEM examie the surfacesrad
do nat probe insick the vermiculite flakes. In other cases,he fibers may ke too small to easilygetectwith standrd
EPA optical microsgpy methods suchsPolarized Light Microsopy. Finally, with so many sanples needing
characterization, bow cost, rapid method is needd to detectthe anphiboles. Reflectaoe sgctrascopy patertially fits
this nedl, provides arapid measurenent(few seondg on unprepaed sanples and can probe inside neterials opaue to
othe mehods. Reflectancspectroscopy cebe usedin the lah in the field, ard from arcraft andsatelite, erabing
micro- to macosmpic asesmentto becompleted. Refl ectance spectroscopyas usd in assessig the presence
Chrysaile in World Trace Center dusts,andis curently being usedto study the Libby, Montana regon to detect
amphiboles.
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Application of Physiologically Based Extraction Teststo Assessment
of Human Health I mpacts From Coal Dust

Kathryn M. Conkbdand Edward R. Landa
'U.S. Geological Survey, 430ational Center, Reston, VA

Themining and processig of coalreleases fine-texted material into théiosphere ad contamnants presennithe
coalareapotential heath risk o humans. Exposure pahways of paticular mncen includeingeston and inhalation.
Directconsumption of soil by inadvertentgeophagy, is a paticular heath risk o children becaiseof their high
object mouthing rates. The consumption of meatfrom animals ingestng coal ard/or soil during grazing and feeding
alsorepresens anindirectexposure pahway for humars. Plysiologicaly basel extraciontests dfer amears of
predicting the uptake of potentially toxic contaminants in coal dust and contaminated soils into human or other
animal tissueThese gtractions & receving cnsiderdle attention in riskassesmets associatd withSupefund
and oher hazedouswaste sites.

We havesampled codrom theDonbasregion of Ukraineand hae mmpletedan asessmentif the bioaccessibility
of metals fronthese materials,e., thefraction of the metas soubilized from the wal under simulated
gastrantestiral tract condions. In vitro extracion procedureshavebea shown to carelate well with in vivo

resuts of oral bioavailability in immatre svine (experimental madels for human dildren). A two-sep smulated
digeston procedure (at 37°C) wasusal; the first phase,a simulated gastic digestion using abuffered HCl and
glycine solution atpH = 1.5 was mmedately followedby a smulated intestinal extracion phaseof 0.5M NaHCO,,
pH 5.5-6.0. The priority pollutants (Cr, Pb andZn) were analyzed in the digess. In addition o the Donbascoal
certifiedreference matdals (NIST soil andJSGS oals)were alsoprocessedising the gastointestina extacion
proceadures. While present #orts ae focused on coaldust, we plan b extend thesebioacessbility studies b coal
combustion products such asfly ash end burning goil-pile ash.

51



Predictive Models for Escherichia coli at Ohio Bathing Beaches

Donna S. Francyand Robert A. Darnér
'U.S. Geological Survey, Colurab, OH

Because arrent methods usg antecedat Escherichia coli (E. coli) concatrations to assess reationdwater
quality take atleast B hous tocomplete, the same resuts may na reflect actal conditions. To address b

problem,the U.S. Gelogical Survey conduded a stdy during2000 and 2001atsix Lake Eriebeache and one
inland lake in Ohio with the goalof devebping models for predicting aurrent bacerial water-quality conditions.

Environmental andwater-guality factas relatedo E. coli concentrationswereusel as explanatory variables in
beach-specific multiple-lineaegressbn models.For Lake Erie beachs, factorsincluded waveheight, numbe of
birds on the beach atthe time of sanpling, lake-aurrent direction, rainfall, turbidity, andstreamflow For tte inand
lake, factors included dat, wind direcion ard oedl, and ranfall. The probability of exeeedng the Ohio single-
sampe bathing-water standrd for E. coli (235 cdonies gr 100 milliliters) was used as he modd output variable
because thprediction erorsin themodelsweretoo largeto accurately gimate concatrationsof E. coli. Based on
examinationof model predctions aml observedE. coli concentations, hreshold probahlities were selectedo aid
the cetermiration of when water-quality was likely to be impaired. Computedprobahiliti es that are lesthana
threshotl probability indicateto thebeat managethat badterial watermuaity is likely acceptable; compute
probabilities abovehe thresholgrobaility indicate that he beachshoutl be posted witla water-qualityadvisory.

The models andselected theshads will be applied in 2002 to determine how well predctions of impairmert
compareo arrentmethodsor assessig recreatioma water quality . If, over time, he probahlity -basedmocels
predict impairmentof reaeationalwaterquality as well asr betterthan current méods,beach maagers ma
cormsider using the nodek to aid in deciions on posting beach advisories Thiswould provide more imely ard
accurate assessmenigtie public.
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Concentrations of Escherichia coli in the Swash Zone at Four Ohio
Bathing Beaches

Donna S. Francy and Amie M. Gifford
U.S. Geological $irvey, Water Resources Discipk, ColumbusOH

This sudy was dae in cogoeration with the Ohio WaterDevelopmert Authority, Northeast Olio Regonal Sever
District, Ohio Lake Eie Office, QuyahogaCounty Board of Heath, Cuyahoga Gunty Santary Engineers, ad
CuyahogaRiver Community Planning Organizaion.

The Dneof the storeline thatis wased by waves or tides, caled the swash zone hasbeen siggesed as apossible
habitat for waterborne pathogers. To investigate ths posshility, the U.S. Geological Suney deteminedthe
distribution of Escherichia coli (E. coli) in subsurfacesedment and intersitial waters ollected fromnear the
swad zone(“swadh-zonematrials”) atthree LakeErie beaches ad oneinland lake during 2000 ard 2001. Water
ard lake-bottom sedimert sampeswere alsocdlectedfrom within the bathing areas andhalyzed for E. coli, and
the bahing-water datawerecompared to swash-onedata to deermine whether swash-zonematrials wereerriched
with E. coli.

Wide rangesof E. coli concentrationswere found in svashzonemaerials. Concentrationsof E. coli in interstitial
watersranged from less tha 3 to 400,00 wloniesper100 milliliters; in sipsurface sdéiments tley ranged fromless
thanl to 30,000 coloniespergram dry weight of sediment. Median concentrationsof E. coli were higher in
subsurfacesaliments ollectednear theswash zonethan in lake-bottom seliments collectedvithin the bathing areas
attwo of the four beaties. Concentrationsof E. coli in interstitial waters déectedon the samedate andabout 100
feetapat on the samebead differed by 1 to more than 2 ordersof magiitude Concentationsof E. coli in swash-
zonematerialscollected during Heruay were in thesamerangeas oncentraibns n many sanples ollected during
the amme.

Although there ae no regulatory stardards for E. coli in swashzore materials, tb high concentrations foundin this
study could beof same oncen for public health. Additional work isneecekd b beter define in spaceard time e
distributions d E. coli ard pahogen concentrations n swash-zone materials and to detenine thefactors that affect
these cacertrations.
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E. coli and Enterococci in Beach Water, Grand Traver se Bay,
L ake Michigan

Sheridan K. HaackLisa R. Fogartyand Christopher Wright
'U.S. Geological Survey, Lansinll; “The Wateshed Center Grand Traverse Bayaverse CityMI

In Ocobea 2000, the U. S. ngresspasedthe Beadhies Envronmertal andCoastal Heath (BEACH) Act, which
requires statewith maine or GreatLakes coastal recreationalaiers b adgt water quality standrds wsing
published USEPA criteria, arrrenly base on concentationsof Escherichia coli (EC) and enterococc{ENT)
bacteria. Little information isavailabe that sgecifically compares ECGand ENTin the sane freshwatesetting, ad
ENT data havearely beencdlectedfor fresh waters.

We conducte@ Pilot Stidy (2000) and a Trial Mnitoring Program (20013t beaches the Grandlraverse Bay,
Michigan, in cdlaborationwith the GrandTraverse @unty ard Benzie-Leelanau Dstrict Heath Depatmens. E.
coli and eterococci at 3 be&es atlte southem end of the bay weresimilarly correlatedwith wind speed or
direcion, wave height, total suspended solids (TSS) and morning collecion time ard occured at similar
concetrationsin bird feces (10per day pe bird), storm-drain watr (10" perday) or river water (D perday). EC
and ENT concentrations in shallow swaslerze and kneedegp beach sads, shallow grund wate, and waterwith
detritus were up to 25times tlose in leachwater. Erterococci-based deria wereexceeded mordrequently tha
E. coli-basedcriteria, offering coflicting interpretatians of recreationl water quality. Enteococci isolates includs
speces hatmay behumanpathogens and some ehibited high-level rsistance to hunmauseanibiotics. Both
studies mdicatd a48-72hr lag betwee rainfall and elevaedE. coli concentrations at souérn-end beaches. In
contast E. coli concertrations at bacles on the West anl East Bayshaelines were carelatedwith 24-hr
antecedst rainfall. Theseresults indicate that, irdaition to local source of mntamination, beach-monitoring
programs must also onside larger-scak processeassociated witlthe chaacteristic 3-Fay cycle of low- andhigh-
presue weaher systtms ad resuting regional hydrodynamics.
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Geographic Distribution of Arsenic Possibly M etabolically Affecting
Nutritional Selenium

M. Harthill
U.S. Geological Survey, RestorA

Seknium (Se)isrecanized & anessatial micronutrient that functionsin celular redox regulation, thyroid
hormone regulation axd anfoxidant protecion, epecially aganstcances. Arsanic (As), on the other hand, although
the medanisms arenot well defined, hasbean denonstratedto be bxic, and might biochemicaly behave
artaganistically toward metalolic Se.

Thegeochenistries d As and Se under certin physicochemical corditions(redox, pH) appearto reducethe
bioavailability of one over the other. Thus the queston of dietary efect and distribution of consejuentdiseasesfi
the elemets metablically behave artagonistically is raid This presatation aldressegeayraphic distribution of
both arsent and seknium ard of various diseases.
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Design of an International Soil Geochemistry Sampling Program

Dennis R. Helséland Robert G. Garrétt

'U.S. Geological Survey, Lakewd, CO
? Geological Survey of Canad@ttawa, Ontario, Canada

Paternsof many inorganic and organtc chemicals in soils acros broadregions of North America are
relatively unknown. With such a paucity of data, questions concerring humanandernvironmenal health
sud as ‘How frequently do soil concentationsoccur at lgels onsdered hamful?” or “How do
background concerdtions inthis region mmpae to thosdoundat apossibly ontamnated site?”, are
currertly difficult to arswer. In corjunctionwith the Natural Resairces @nsenation Senice, tre
Geobgical Survey of Canada ard the Consgo deRecusosMineraks (Mexico), the US Geobgical Survey
is panring aninterrational survey (Smith andothers, 2003) tocdlect new informationon tre sal
geothemstry of North America n support of answe's o these ad similar questons. Design of this suvey
differs fromthose preiously corducted n Great Britain ad elsevhere. Possible sarpling designsinclude
a wiform grid of collecion sites acr@s he entire continent, which would beboth expensve ard spase;a
stratified random design allowing unequal spacing betwveen collecion stes that would reduce ®sts but
requiresinformation on spedfic indicabrs prior to desgning the netvork; or adesgn that would sanple
the besic urits of sdl mappng, the sal series, in a neresentatie way. Samping designissiesaddessed
in the March 203 progam plaming workshop will be highlightedin regar@ toaddessimy questiors of
humanard environmental hedth. Health agencies ommenting on the design ard represated atthe
workshop indided the Agency for Toxic SubstanceBisease RegistryATSDR) and the Natonal Jevish
Medical and Rsearch Center.
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Nonlinear Approachesto Understanding Human and
Environmental Health

Jill A. Jenkns, Lee De Colj Christopher C. BarténJudy Buy§ and Frank T.

Manheind

'Natioral Wetlands Research Centémfaydte, Louisiana
2U.S. Geological Survey, Restoviirginia
*U.S. Geological Survegt. Petersburdlorida

Human poplation growth has triggered actiities that alter Earth’s erivonmert. Consequently,
assessm of sud dynami chargesis cental to comprehending the condition and proper management of
ecosystems. ©nvertional data aralysis mettoddogiesusing long-term datasets ith muitiple variables are
sometimesinadequete for recgnizing, modelirg, andforecastingregoonses due o paraneter inteplay.
Nonlinea models promote interdisciplinary appicaions. U.S. Geobgicd Suvey scientists (in
cdlaborationwith Tulane University, New Orlears, LA) hawe exploredthe wse o spatially extensiwe, long-
termdatasets from tb Lower Mississipi River Valley thatmeasure sangeof pheromera at mitiple
scales. TNesedata ardbeing shown b estimate ecosysihealth as aonlinearsystem ofmeasurenms
with catain key elemants: physical (climate, chemistry, landgma water), ecological hiardies
(populations, hdividuals, issues,DNA), ard humars (density, humanhealth, socioemnomics). A
meaningfulsubset of measurememasbee assenbled that carbefurther employd to forecastegional
environmental heath. Data about water systems ncludespatial netvorks andtemporal flows, and point
measuremas of contaminats reflect human agro-industrial activities ard the capacityof ecobgical
sysemsto repond. For exanple, fractal plotting of chenical compoud occurrenceeveals concentrabn
groupingsthatdelineat anhropogenic inputs. Nonlinea analyses — suchs herachical dat mining,
scalng rransformaions, ad feedbak modek — areproviding insights into the linkagesamang the complex
interactions upan which envronmertal ard human tealth rely
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Novel Diagnostic Biomarkersfrom Aquatic Animals

Jill A. Jenkns and RassO. Dale
National Wetlands Research Centdrafaydte, Louisiana

Because @imals are smsitiveto environmetal affectsthey can dfectively beusal as satinels for he
environment. Ther biologicd respnses biomakers, are quatifiable with change and diagnostic of
ecosystem healtiCommon biomakers betveen hunars and fishinclude giowth, reproductive
paranetrs, immunological processediver enzymes,ard cdlular DNA ploidy or integrity. Stdying
more than one biomaker per individual and multiple species pe emsystem increases anfidencein
health assssnents.

Gamete giality parameters, &@ng direct meastesof repraluctive fithess, inclde viahility
mitochondrial furction, DNA integrity, acrosone satus, motility, ard morphology, and are typically
empgoyed for humanfertility and cytotoxicity testirg. These paameters are now used tvquatic
animals (eg., carp, green swordtail, medaka, sturgeon, oyster, dalone). In astudy of reproducive
condition of commorcarpatLake Mead Nevada, discriminate aralysesrevealedthat spermvialhility
dat added to the siite of other biomakers alowed for exad classficaion of fish to site. Sud dat
integraie wel with other biomarker dag, may reflecttransgeneational affects, iad canbe intepreted n
terms oflong-term hazard® acommunity orpopulation.

Speces ocapying partcular trophic levels may peferentially reflect ewironmental circumstace. At
anindustrially impactedestiary in southwest ouisiana, anetric thatassumes thdteaver fish arein
better candition thanlighter fishof the same legth (condtion facor, Kn) emgdoyed historic citaon
depadentvariables (seasm, sex,and ecies) from mntrol sites. The Kn for spotted seatout
(p=0.0009) andred drum (p=0.0273), but notblackdrum a sotthern flounder, were sigrificartly lower
than hose from theeference sites.

Integrity of DNA ard cel proliferaton on cells from aguaic speces ae routinely meaured by flow
cytomety. A genetically modified otrarsgeric fish moddl is now available to eshancethe efficiencyof
screenig for genotoxicity and of evaliaing the biological relevanceof contaminants, effluens, wase
streams, andarnplex diemical mixtures.
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Use of Historical Water-Quality Data To Guide the Development
and Testing of Sensorsin Streamsand AquifersUsed for Military
and Civilian Water Supplies

Michael T. Koterbaard Lisa D. Olseh
'U.S. GeologicaBurvey,Baltimore,MD

Undestandingthe chenical and physial characteristics dfourcewaters(untreatedwate from steamsand
aqufers)for civilian andmilitary supfies isnecessy to develop gpropriae criteria and ideify watersto
effectively test n& sensors for chmical andbiological contarmants. Knowledgeof source-watert@racteristics
alsohelps b (a) ensure hat sesors will fundion in accordacewith performance dteria, (b) dentify sesor
capahlities or limitations, including the potertial for false positivesor negatives, ad (¢) increaseperaor
corfidence n sensor technologiesdesgnedto protecthuman life or othewise nonitor source-water ervironmens.

The U.S. Geological Surwey National Water-Quality Assessmemn (NAWQA) programwas imdemertedin 199 to
cdlect water-quality informaion andaddress regpnal andnational water-resourcegssies. Alarge retiona
NAWQA datbase arrently is avalable tat contiins ground- and surface-watr dat colleced wih consistent
methods duing al10-year period (1992-2001).

Relevantata includ€a) general physical and ch@cal measurments (such agH, akalinity, specific electrical
conductance, tempature and dissolved oxygen), (b) seleted inorgaic constitients(includingmajor ons and trace
metals) and selectedsyrthetic organic canpounds (seeral hundred volatile, ard organophosptete or
organodhlorine, hydrophilic compounds).

Single-andmultivariate p@ulation statistics ad graghical analysesof NAWQA dataare being useto characterize
chemical angbhysical charaetistics ofsaurcewater steams ad ground waters in the catiguous United States.
Preliminary analyses d groundwatershowhistarical data canreveal highly probable (or improbale) waterquality
characteristics ancbnditions which in turn can be usito (a) hep sekctsites, or othewise idenify represendtive
sampeés, for testing sesors, and (b) develop objecive peformance ad operating criteriafor sensorsduring testing
and deployment.
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Protecting Public Health at U.S. Beaches

Charles E. KovatchBeth Leamond
'U.S. Environmental Protéon Agency, Washington, DC

In aneffort to protect public heath and improve bead monitoring ard public notificaion, Gngresspassed he
Beache#\ssessmentral Coatal Health (BEACH) Act in October 2000 to amne theCleanWaterAct. The
BEACH Act auhorizesePAto awardgrarts toeligible caastal and Great Lakes Stat€syritories, ad Tribes to
devebp and implement their bead monitoring and public notificaion programs The Act alsorequires EFA to
devebp andmaintain gpublic right-toknow databasé¢o store ad display state ollectedbeachmonitoring and
notification data. This presemation will disciss Statg@rogess @veloping their beachmonitoring andpublic
notificaion programsard EPA’s development of a naional datbase ad interacive website.

Now in the seond yea of the BEACH Act Grant program, EPA published the National Beach Guidance and
Required Performance Criteria for Grants documentand overtwo yearsawaded $12 millionin BEACH Act
Developmert Grarts to 35eligible caastal ad Great Laks Sates and Tritories. With completion of this first step,
the National Guidancedocument andthe grarts will help coastal ad Great Lak grart recigernts imgemen
effective programs formoritoring ard public notification of coasél redeatonalwaters and promote mnsistent
prograns acioss the ountry.

EPA is imprwaing it's existing BeachWatch ditabase anl website to store andisplay additional Statecollected
beach monitorig andnotification data. Thedatabasand websitavill beter enable tie public to viev local beab
monitoring ard notificaion data andmake educaeddeckions before going to the beat. Thedagbaseandwebsite
will alsobe a valliale dataresource fa the public and Staeson advisory iformatiorn recreatio water quality data;
State/local agency prograsescriptions and contacs; linksto time-relevant local recreaiton water quality dag; and
access totha EPA datbases sutas wate quality stardards, degjnatel uses, antists ofimpaired waters.
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Arsenic Does Not Appear To Bethe Risk Factor for Bladder Cancer
in the Absence of both Humic Acid and High Arsenic Levels
(>350 ug/l)

Steven H. Lamnf®and Manning Feinleib
!Consultants in Epidemiology and Qupational Health, Inc. Washington, DC
*Georgetown University School of Medicine
*Johns Hopkinschool of Public Health

BACKGROUND: Since the 180s, the USrisk aralysesfor arsenc in drirking water hae been lased on
observations fromhe BlackfootDiseaseendemic eeaof SW Taiwanwhere the artesian wellontained
humic acdsard high arsent levels (350-2,000 ug/l) and the shadlow wells lackad humic acd and had low
arsefic levels (0-300 ug/l). Samevillages hadwells from both souces. Earlystudies analgedrisk by well
saurce;Later studies aalyzed only by mean arsent level for wells in ead village. Bth water factors have
notbee analyzed bgeter.

STUDY DESGN: We hare examied the dita underlying theNRC 2000 analysis order to exaine the
bladder canaerisks accordig towater soure and tha to identify the alditional informdion thatwas
learnal from examining thespecific arsenitevels within the water souice grous.

RESUW.TS: We faundthat the Hadder carcer matality risk was not associatedvith the arseiic level in
villages that used either only shallow wells as tleir drinking water source (@-300 ug/l) or bath shallow ard
artesianwells astheir drinking water souce (udl). We found thatonly for the artesianwells did the
bladder carcermortality increase vith increasing level of arsernc.

CONCLUSION: We find noarseiic-relatecbladder carcerrisk with the exception of villages sdely
depadentupon humic acd-containing water with high arsenic levels above 350ugi.
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Sediment Contamination Issuesin Santa Monica Bay, California

Homa Leé Brian Edwards Marlene Noblé and Clark Alexandér

'U.S.Geological Survey, Menlo Park, CA
“Skidaway Instiition of Oceangraphy, Savannah, GA

Thegreatr Los Angeles areghas gpopulation in excessof 15 million and is the mapr industrial cener on the west
coast. Industral and domstic wastegnter the ajacenturbanocean througlsewner outfdls, coastal draiages, and
directindustrial dischage Contaminants often achere o organic and mineral paticles, which are transported in the
water olumnand dgositedon theseabd. Becausehe dominant aurrent direction alonghe Los Angdes margin is
toward the northwest, contaminant from all along the margin move toward Santa Monica Bay, the body of water
lying toward the westof the nost devebpead partof Los Angeles. Inded, by a numbe of measires Santa Monica
Bay is the most conaminated patt of the Los Angeks maigin.

The USGS, in cdllaborationwith local andother federal agercies, cmducteda5-year stidy of sedmert
contamination in Sarta Morica Bay The study included bottom sampes,acaustic mappng, bottom photagraphy,
geqhysical profiling, and physical oceaographic measrements. Saliment careswere aalyzed for geologic
properties, leels of contarmation, @e, bxicity, and biota. A synthess of the data shows hat at may locations,
the sa&limentis highly contamnated. Howewer, in most of these bcaions the levels of contamination and toxicity
aredecreasig with time as aesult of saurce control ard better sewage-reamentprocedires
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Chemistry and Morphology of Amphibole Asbestos from
Libby, Montana: Implicationsfor the Health, Mineralogical,
and Regulatory Communities

Gregory P. Meeker, Isabelle K. Brafield, Amy M. Bern, Heather A.
Lowers, Stephen J. Sutley, Todd M. Hoefen, Thomas L. Ziegler,

Geoffrey S. Plumlee, Ryer N. Clarkand Gregg A. Swayze
U.S. Geological Survey, Deay, Colorado 80225

Asbesbsis a ommaercia term applied to sevenregulated minerak that occurin aestform habt. Six of
these mieralsare menbe's of theamphbole group Regulators and heath experts use ommaercial
nomenckture for anphiboles.Minerabgists classfy amphibolesby a system baedon crysta site
chemétry that often assjnsdifferent minerd namesThis dual systemof nomenclature is problemaic for
the regulatory, healthard minerdogical communities becae within any single geobgic occurence @
locality, amghibole canpasitions carnvary substartially. This is certaity true for the amgiboles from he
Rainy CreekComplex atLibby, Montana. Libby anphiboles include trenolite and actinolite asbestdsjt
also s@eralmore unusual ard unregulatedvarieties sich as wichite ad richterite asbestosElectron
probe microaalysis reeals hat thesgphass are n complete solid sdution ard ae intermingled at the
micrometer scale. Iaddition to chemical \ariahility , the Libby amphboles exlbit awide ramge of
regulated and unregulated morphologiesfrom truly asestform to blocky, non-fibrousgrains. Asbestform
fibers, aciclar particles, @rticles shaving cuvature, and deavagdragments ae all faundin the Libby
amphibole. These differat chemidriesand morphologies, intermingleat the micon scée, may each
possessinique properties that could influen@ how they behave within the respratory and gasto-intestnal
systemsandhow they are regaded in regulatory asessmats.

It is well known that inhaktion of asbstiform mineral dustis a caisatve factor for dise@es sich as
asbestosiand mesdtelioma. Howeer, the mechaismsof diseasalevelopmert following askestos irsult
are presetly unclear.Recenfindings indicae that certaimorphologiesas well as lbemical and surface
properies ma play a sgnificant role in disease deelopment. The ultimae understanding of these
mechaismswill requre close colaboration betveen toxicologists ard minerabgists.
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The Significance of Wildlife Disease | nformation M anagement for
Human and Animal Health

Vivian Pardo Nolan" and F. Joshua Dein’
'U.S. Geological Survey, Reston, VA
?U.S. Geological Survey, Madison, WI

Disease has long been recognized as one of the potentially limiting factors on wildlife populations and a threat to
biological diversity. Now, the rapid spread of established diseases; the emergence of new diseases in humans,
domestic animals, and wildlife; and the threats of bioterrorist attacks have attracted considerable public attention, as
well as generated a call for action. Additionally, intermingling of livestock and wildlife and an increasing market for
domestic and international trade in animal species have created new opportunities for disease transmission.

An important factor regarding wildlife and zoonotic diseases is the use of wildlife as sentinels for public and
domestic animal health threats. West Nile Virus (WNV) is a prime example of this. The virus has not only
expanded geographically at an alarming rate, but has also infected a number of other species besides avian
populations, including humans. Since the first documented cases in 1999, wild bird mortality has been an accurate
indicator of the extent of WNV, and it continues to provide an early warning system for the emergence of the virus
in new locations and other species, including human populations.

A significant problem has been the lack of an information management system for wildlife diseases because few
wildlife disease databases exist on anational or internationa scale, and no central database or information system
exists for common access to geospatial wildlife disease information. 1n response to this problem, the National
Biological Information Infrastructure (NBII), an electronic information network that provides access to biological
data and information, has set up the Wildlife Disease Information Node (WDIN).

The WDIN is developing a Web-based monitoring and information system with access to near real-time geospatial
data on wildlife mortality events and other critical related information. Thisinformation system can be used to
visualize clusters of morbidity and mortality events, identify trends, track the spread of various diseases, make
predictions, lead to the identification of previously unrecognized wildlife-human-domestic animal disease
interactions, limit further spread, and prevent future outbreaks. For additional information, visit:
<http://wildlifedisease.nbii.gov>.



I ncor por ating Emerging Sensor Technologiesinto Existing
Near-Real-Time Water-Quality Monitoring Stations

Lisa D Olsehand Mictael T. Koterba
'U.S. GeologicaBurvey,Baltimore,MD

Concen abouthe searity of civilian and miitary water suppliebasaccéerated thedevelopment of new sensors
for monitoring contaminants in water. SQuccessiul useof new sensorsrequires hat their deployment be
accomplishd in amanne tha providesvalid informationabout tle system beig monibred. Advancefield-testing
is recommaded as a ma® 1 assessensoperformanceunde real operating wnditions. Near-real-tine wate-
guality monitoring stations that collect coninuous water-quality dat could beconvenient platforms for advance
field-testing and subseaent deployment of new sensors

Advantagesof depbying new sensrs atcurrently opeating nea-reattime sations nclude the availability of data
logging and transmissbn ecuipment, shelter to protectinstrumentation, a power source (electicity or battery), ard
for same statiois, an atosamper to archive sampesfor aralysis. An additionaladvantge is the potential useof
near-real-time datitom proventechnolgies b supplement andsupport the interpretation of dat obtained from
newsesas. Fo exanple, prameérsthat are nev routinely measired (such as spedic conductanceor turbidity)
would likely correlate with some of the paametrs thatwould be nonitored ushg new techrologies,and the aility
to identify digressons from such carrelations would beusdul in deermining which water conditionsmost greaty
affectsensor performance

Techical congderatonsfor testing new sensors includedetermining aurrent badkground levels of the target
aralytes, gartify ing natural variability associatedvith diurnal patterns,seasoality, or preciptation everts, and
anticipating onditions hat can intafere with sensor peformance. Following successfulid-testing, deglyment
of new sersors in conjunction with curren water-qulity maonitoring techrologies atnear-real-time statigs would
allow for timely water-quality data trarsmissia that woud eralle a prempt respase tocritical everts. With
sufficient funding ard support, a ®mprehensve netvork of nearrealttime water-quality monitoring stationscould
bedevebpel to support the needsof local and Natonal emergeng preparechessprograms.
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Potential Health Hazar ds of Owens L ake Dust

Marith C. Reheis Geoffrey S. PlumléeThomas L. Zieglér Richard L. Reynolds

Paul J. LamothieJames R. BudahrPhilip L. Hagemah and Thomas E. Gill
'U.S. Geological Survey, RestoviA; “Texas Tech University, Lubbock, TX

Mineral dustdrom thedesicated plga of Owens L&e, Cdif., contain elevatedoncentatons ofmany
metals knownd havetoxic effects. D assess thelement sources ad paossible hazads t humars, other
animals, ad plants,we ae (1) analyzing trae-elemencontents ¢ thefine-grained mineral ard sluble
fractionsof deposited dust playa sdiment, andaeosol sanples mlleciedduring dust ssorms and (2)
repeatinghieseanalysedy extractinghe same sampleusing solutions that arsurogates fo humanlung
andgestric fluids.

Dusts and aesols ae strongy enriched in sulfate fronsoluble sodium sulfate iplaya sediment:
elemenal S comertrations in salire dust everts canbe asmuch as10 % by weight. Patertially toxic
elements in the50 um fraction of deposited dust include (conc. in ppm): As (10-50), Cr (17-56), Cu
(<22), Mo (0.5-3), Ni (<16), Pb(50-400), Sh (6-14), Th (10-16), andU (3-8). Leachtestsof the dists wsing
water and simulated lung fluids (20:1 fluid:dust by wt., 24 hr mixing) show these me#ls arequite soluble
andbioavalable (i.e, dissoled As, Mo, ard U asmuch as2700, 650, and 170 ug/L, respectively).

Dust-dgoositionrates of somenetals and stdtes inOwens Valley qual or exceed ratesiiindustrialized
areaf the world. Much Owens Lake dustis <10 um in diameter, ad SBM studies rgeal abundant
submicron particles. Gven compaition, size, andleposition rates (191-1998 average of 10 g/m’/yr of
finedust at or site), a larg fraction of thesemetalscoud be tanspatedhundreds ofkilometers ard easily
respred Terminal lake basihs sud as OwensValley could be globally important saurces d metl-beaing
dusts. he heath and eological effectsof soluble dgkaline sulfateaeosols are porly known but of
potential concen.
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The Environmental Geochemical Causal Factor in
Environmental M edicine: Synergetic Deter mination of
Baseline Data for Newly Developing Regions

Harwant Sigh*

'University Mabysia Sarawak

Thegeochenical envionment is avital element oflie environmental casal factor initiing alversehealth affecs.
Newly devebping regions of the world like the EastAsian region ermbracing industrializaion and undergoing rapid
urbanizaion ae targets for geochemical pollution. After areview of the geochamical environmentand heath and
the condicive conditions forgeochemical actiuty of anenvironmert exsting in this regon the geochemical
informationnecessanyfor health assessméiis corsideredwith resgect b its availahlity mertioned in published
saurcesfor sud an environment The data requirements for characerizing the geochemral envronment ard the
approach towals resolving the deficiency in this pressingequremert to enable anassessméimnf its impact on
public health is tlen pu forward.
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Geochemical Basalinesand Human Health

David B. Smith, Martin B. Goldhaber Michael A. Wilsori, and Rebecca Bart

'U.S. Geological Surveypenver, CO?Natural Resources ConseneatiService, Lincoln, NE

Concens continueto increasealout potentially hamful chemical stbstances n the environment ard their
effects on humaand animal health¢rops, ard the sustairebility of the Earth’s life support systemsThe
substancesof concen includemetls sud as lead cadmium, chromiumpickel, zing copper,uranium,
molybderum, merairy, arsanic, ard antimony. Throughout the developed world, thesemetls are sibject
to increasngly stringentregulation aimed atprogressve reduction in chronic exposure. Unfortunately, the
knowledge of the alundanceand smatial dstribution of these elementsn soils ofthe United States is
severey limited. The nmostoften-quoted data setfor badground concentrationsof metls ard other trace
elemens in soi of the cmnteminous United States casists of only 1,323 sampeés (about 1 sanple per
6,000 knt) collecied during the 1960s ard 1970s by the U.S. Geological Suvey (USGS) (Boemgen and
Shadklette, 1981 Shadklette andBoemgen 1984). The samjes were collected from alepthof
approximately 2 cm fram non-cultiv atedfields having native vegetation

TheUSGS and th#latural ResourceSonservation Sgice are arrently studying he feasibility of a
national-scalesal geochemical suvey thatwill in creasetie sampe density by at least amrder of
magnitude As curently envisioned, the survey would perform the normal chemcal anaysesfor total
elemen cortent arl also condct selectie exractiors to estabsh abioavailahlity database at aational
scale. Selectedrganic compoundsncluding pesicide residues, would beanalzed on a subsetof the
sampés and microbial charaterizaion wauld be de¢rmined onalimited numbe of sanples.
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Geochemical Maps Based on Ultra-L ow-Density Sampling of
the Conterminous United States

David B. Smith, Nils Gustavssdnand Bjgrn Bglvikeh
'U.S. Geological Surveypenver, CO’Geological Survey dfinland, EspooiGeological Survey ollorway,
Trondheim

TheU.S. Geological Survey, under the leadeship of H.T. Shacklette, @llecied il ard otherregolith
sampés from 1,323 sites in the cnterminous United Sttes (7,840,000 km’) from 1961-1975 ard prepaed
single-elemat, point-symbolgeodemical mapsn black ad white for 7 major and39 trace elementsie
havereprocessd these dat, using weighted medien and Bootstrap proceduresfor interpolation and
smoothng, and produce full-color mapsfor 7 major elements (Al, CaFe, K, My, Na,and Ti) ad 15trace
elementsAs, Ba, Cr,Cu, Hg, Li, Mn, Ni, Pb, Se,Sr, V, Y, Zn, and Zr). Conparison oftheK map
producal in this manne with a caregonding map produced from arbome radiometic measwement of K
shows that the reliakility of these mapis goad evenwith the dtra-low sampe density. The low-density
mapssuccasiully revealbroad geotiemcd dispasion paterns br both major and trae elements. fie
obsewed paterns ae related to geneal soil-forming processs sut as climate andparent magrial ard to
human infuence onthe envronment. The Shacklette dataet and thgeochemical mags produced fom the
data set are usesh areguar basisby reguatory agenciesof the Federal and state governments set
“action” levels and femaliation” levels of harmful taceelementsn soil. Thedata ad maps ma also
prove usefil in estmating chronic exposure levels resulting from potentially hammful elementsin soi. The
USGS andthe Natural Resouices Coservation Sewice ae currertly studying the feasilility of anational-
scale s geochemical suvey that will in crease th sampe density by at least arder of magritude.
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Mapping Natural Occurrences of Potentially Asbestos-Bearing
Serpentine Rocksin the Foothills of the Sierra Nevada,
California Using I maging Spectr oscopy

Gregg A. Swayze Raymond F. Kokaly Chris T. Higging and Ronald K. Churchill
'U.S. Geological Surveypenver, CO 80225
’Dept. of Conservation, Californiaeologich Survey, SacramentpCA

Theheath effects of adesbsdust are agrowing mncen in the foothills of the Sera Nevada in California, with the
population expected b increae ky 40,000 in El Dorado County over the next decale. Rapid population growth
drives nfrastructure developmentthat potentially brings people into contactwith rock-derived asoesbsduston
roads, constudion stes, homes, and even school playgrounds. El Dorado County, like many of the sirrounding
courties in tre foothills and coast rangs, isunderlain by metamaphic rocks with numeraus aitcrops of chrysdtile-
bearig sergrtines ai tremolite-richrocks.

Current laboratory metods of saeening for asbegis ae expensive and time cansuming. This study reviewsanew
method for assessing adesbs potential where sufacemineralogic information @out adestosoccurences s daived
from renote sensing imagery andcompaed to resuts of field sanpling and informaion from existing geobgic
maps Our goal is to devebp a rektively quick low-costasbhesbs screming tool that can beusal in the field ard
with airbane sersors. In August, 2001, the AVIRIS imagng spectiometerwas flown overl2 study sites inEl
Dorado County with the intent of spectally maping the extent of sepentinizaion ard idenifying outcrops of
chrysotile andremolite asbsgtos. At locationswhere he identificationof surfacematerials is limited by thick
vegetation, we are exyloring the possihlity of using the sgectral signature of the vegetation as arindicata of
undelying sepenine-bearing rock.
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Water-Quality Monitoring of Chemicals Used To Combat
West Nile Virus

Stephen A. Terracciand.isa R. Zimmermah Dominick V. Ninivaggi' , and

E.M. Thurmah

1 U.S Geological SurveyCoram NY
* The Universityof Kansas Centeor Researchinc., LawrenceKS
® Suffolk County Department dfublic Works, Yaphank NY
“U.S. Geological 8rvey, Lawrence KS

WestNile Virus, amosjuito-borediseasewas firstdetected in th&nited Sates in1999 inNew York
City. Since hen, aif and ground spraying of insectcidesand insectcide briqueteshavebee usedl
throughout neighbarhoods in the New York metropditan area taedwe mosquito populations andthus the
risk of human illness. A studywas initiatedto develop andtest amlytical methods todetect tokicologically
relevant amounts of these nsecicides.

Ground-water anduface-wder samples from thidew York medropolitan aeawere aalyzedfor
methoprere (@n insect gowth regulator), malathion (an organophosptete), two pyrethroid compounds
(phenothrin ard resmetrin), andpipetonyl buoxide (achemical synemist usal with pyrethroids) ushg a
newly devebped gas tromaigraphy / massspectomety (GC/MS) method. Methoprene acid, a
mehoprenedegradate, wasanalyzed usihg immunoassg. More recatly, passiein-situ sampérs,
semigrmealde memivare devices (SPNDs), were usedto measure th boavailability of these clemicals to
fresh-and saltwater fishAll analygshavemethal reporting limits in thepat-per-trillion rarge.

Piperonyl butoxide wasdetcted afer applicaionsof pyrethroids had been made, but rarely were the
pyrethrods deected. Metopreneand itsdegradate, methopreeacid, wererarely detected despite
relatively widesprea use Malathionwasnot deeced The analytical methodsisal is this study ae
valualle for acquiring knowledge abou the fate aml transport of tlese msquito insecticides andyrergist
in water.
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Development of a Prototype Real-Time Early-Warning
Monitoring Network for Drinking-Water-Supply Safety and
Security

E.F. Vowirkel', B. Kiselicd, and N. Adarm
'U.S. GeologicalSurvey, West Trenton,NJ;U.S. Environmental Protéon Agency, Newyork, NY;
*Rutgers Univeiisy, Newark,NJ

A consortium of scierists andwater-supfly engneers fromthe US. Gelogical Surve (USGS),U.S.
Environmertal Prdection Agercy (USEPA), Rigers UniversityNew JaseyDepartment of
Environmental Protecion, and threewater suppliers n New Jesey is deweloping a prototypereattime
early-warning monitoring netvork for drinking-water sdety and searity. Theobjecivesfor the prototype
sysem ae (1) to develop and assess mehodology, (2) to testard compare nev sensors and(3) to
provide water-supply managers and operators with reattime information to protectthe integrity of the
water suppliefrom accdentd or intentionalcontamnation. Theprobtype network willbuild onthe USGS
real-time mtwork of streamfbw-gagng and vater-quality -monitoring statios by upgradirg equpmert or
adding stationsatlocaions upstreamfrom surfacewater intkes n thesourcewater,nea the intkes, and
in water-dstribution systemsTradtional s@sors thameasurdempeature, (H, disolved oxygen, gpedfic
conductarce, aml turkidity will be used incorjunction with new biological, ctemical, and raidactive
sersors as ey become awailabe. The new sersors will be bench testedatthe USEPA Test andEvaluation
Facility in Cincinnati, Ohio, or by the USEPA Environmertal Testirg andV erification Program. Those
promising sersors thenwill be deployed and testeth the field. Real-timedata streamsvill be trarsmitted
by satellite toappropriate facilities. Conpuer modas will be developed tointerpret the real-time vater-
guaity data so that agoropriate mangement deckions can be madethat are relevant to the safey ard
secuity of drinking water.
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Geologic Environmentsthat Form Vermiculite and
Amphibole Asbestos

Bradley S. Van GosénHeather A. LowersAlfred L. BusH, and Stephen J. Sutfey
'U.S. Geological Surveypenver, CO

Vermiculite was mired andmilled near the small tom of Libby in northwesternMontara from 1923 to 1990
Highrates ofmortality due 1 aslestosis inLibby mine, mill workers awl residnts have beenlinked to
amphbole asbestoparticlesintergrownwithin the Libby vermicuite oreand gangue rocks. The USGS has
conducted aeconnaissace study to deteine if anmphibole asbests minerals arecommon in other
vermiculite deposits.

This study of U.S. vermiculite was mace possille via anarchived cdlection of vermiculite-rich sampes
cdlectedfrom 62 vermiculite mines anddepaosits in10U.S. States; thse sampswere cdlectedduring tre
1940s, ‘60s, and 70s aspart of areconraissaie suvey of the Nation’s vemiculite resources.The samples
werecompaed to arepresetative suiteof 30 samples dteded from the former mining operatons atlibby.
In the awrrent study,splits ofeach smple wereanalyzed by X-raydiffraction, scanning electromicroscopy,
energy-dispesive speabscoyy, ard electon probe microscopy.

Despte the recmnaissaice nature of the samping, the mineralogic chaacterizaion of the vermiculite
sampésyielded consistent results. Our anayses ndicate hat asbestiform aphiboles (fber9 are not
commonin all types of vermiculite depasits, bu also showedhat the Libby deposit is nd unique in its
mineralogy. Vermicdite deposits thatformedin geologic settirgs similar tothe Libby depsit—relatively
quatz deficient, K-Na-Ca-ich igneous intrusions typicaly zoned—cancontain fibrous amphiboleswith
compositionssimilar to thoseat Libby. In addition, vermiculite depaits that formed where massesf
ultramaficrock were intrudedby grarite and(or) pegmatite cancontain fibrous amplibole. Therelationshp
betweengeologic settirg andastestos cotert can ke usedto prioritize reclamatio ard monitoring of active
ard alandned vermiculite mines, at a timevhenvermiculite deposits are uder scruiny aspotertial souces
of environmerdl asbestos.
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